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The Piston Made of Air 


Introduction 


This book is about the Kadenacy Effect. This is the second book in my series on Maxwell's 
Demon. The first book, Maxwell's Demon Gets A Job , contains four chapters that I've written to 
fill in the gaps in the textbooks on compressed air, with a collection of supporting 
documentation. The Piston Made of Air contains sections documenting Kadenacy Engine theory, 
pulsejet engine theory, and pulsed-jet pump theory. Further volumes such as Resonance and 
Related Hardware . Vibration for Fluid Power Production . Energy Exchanges in Vibrating Fluids . 
Energy Exchanges in Vibrating Fluids . Constatinesco Treatise and Patents . Acoustic Power 
Patents of Albert G. Bodine, Jr. and Two-Stroke Exhaust Systems will document these same 
fluid wave phenomena that make it possible to design self-fueling air cars. There are many more- 
or-less well-known devices such as water ram pumps and cryptosteady pressure exchangers that 
use fluid waves to do the pumping work. (In engineering, a fluid is anything that flows, liquid or 
gas.) 

hi 1670, Christiaan Huyghens devised the first-ever engine, made up of a cannonball acting 
as a piston in a vertical cylinder. An explosion of gunpowder under the ball would raise it in the 
vertical cylinder, then it would fall back down the cylinder under its own weight. Huyghens' 
engine was able to pump water by the suddenness of the motion imparted to the cylinder's 
contents by the explosion. Behind the high pressure explosion pushing the ball up the cylinder, 
there was an implosion, a sudden and short-lived partial vacuum or rarefaction wave, in the 
cylinder. Because of the subatmospheric pressure, or depression, in the cylinder, the atmosphere 
added its own energy to this engine cycle to force the next cylinderful of water into the rarefied 
space under the ball. Then the ball fell back down the cylinder, pumping the water back out. Each 
explosion would "scavenge" the cylinder by clearing it of any water left over from the last cycle, 
by means of a high pressure blast or compression wave. 

Huyghens' basic discovery— the depression left inside a closed cylinder after a sudden 
outward pulse— was the working principle that Thomas Savery used in taking the engine to the 
next stage in its development. The alternating wave in the fluid to be pumped comprised a fluid 
piston that did the pumping. Pulses of steam alternately scavenged the two chambers of Savery's 
engine, and each chamber would automatically refill with water because of the depression left 
behind each scavenging pulse. Savery's engine had no moving parts except valves. The mass exit 
of the chamber's contents left a depression that induced the next chamberful of water, and a pulse 
of steam pumped this water out. Hie pulsometer pump, which was manufactured from 1876 to 
at least 1938, used the same principle. 

Newcomen's and Watt's cumbersome piston engines, laden wth expensive moving parts, 
took precedence in the developing engine industry over the simpler fluid piston principles that 
Huyghens and Savery pioneered. This was, in effect, an early version of engineered 
obsolescence. 

Bob Neal's patented Compressor Unit is the best device I know of that can provide the 
essential hardware needed to ran a self- fueling ah' car. Neal filed his patent in 1934; a trip to 
Washington with the working model secured him a patent in 1936; shortly thereafter he had to 
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abandon the project due to harassment by the Nazis. The Nazis perfected the pulsejet engine in 
1943; the French were developing their own pulsejet, which had no valves, at the same time. This 
pistonless piston engine— a tube containing a self-sustaining fluid piston— proved to be the most 
powerful engine for its size that was ever built. And none of the pulsejet's inherent defects, such 
as high noise levels or wasted residual energy in the exhaust, apply to Neal's "equalizer" since the 
equalizer is inside a tank full of compressed air. 

Michel Kadenacy filed the first of his twelve U.S. patents in 1934, eight months after Bob 
Neal filed his patent. Kadenacy filed his French patents on August 1, 1933, a few months after 
Hitler took power. Kadenacy's system of acoustically scavenging and charging an engine cylinder 
is still the theory behind two-stroke engine tuning. The Kadenacy Effect could be called the 
Huyghens Effect, but Huyghens already had a principle named after him. The Huyghens Principle 
describes the tendency of each wavelet in a wave field to propagate its own wave field. The work 
of Huyghens became the foundation for the work of James Clerk Maxwell, the founder of 
mathematical prediction in theoretical physics, who predicted the discovery of overunity dynamic 
pressure exchangers (Maxwell's Demon) in his textbook Theory Of Heat in 1870. 

Arkansas shoemaker Bob Neal's compressor unit is Maxwell's Demon reduced to hardware, 
and it's also the logical idealization of Huyghens' first-engine-in-bistory. The Neal Equalizer will 
one day be considered a refinement in engineering thought that paved the way for the age of 
sustainable technology to take hold in the 2 1st century. 
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1. Kadenacy Effect 


By 1934, many patents had been grantedfor air induction and 
scavenging by exhaust discharge pulse, according to P.W. Petter 
who began such experiments in 1922. A two-stroke engine he ^ as 
working on unexpectedly started to cycle oackwards, taking air in 
through the exhaust pipe and discharging it through the intake 
ports. ’‘Remarkable practical results” came in about 1933 for 
Better whose Superscavenge engines were among the first to commer- 
cially exploit the Kadenacy effect. 

Michel Kadenacy’ s 12 U.S. Patents were granted between 
1937 and 1939. "Kadenacy’ s basic contribution is his discovery that, 
immediately on sudden opening of exhaust ports during the expansion 
stroke, there is during the first few thousandths of a second 
thereafter, a rapid exhaust impulse that leaves behind a depression 
( subatmospneric pressure zone) in the cylinder. No scavenging pumps, 


inlet pipes or exhaust pipes are needed for such an engine to run 
and deliver power." (S.J. Davies, Engineering . 6-18-37/ 

The main use of the Kadenacy Effect is to replace other means 
of refilling the cylinder with fresh fuel/air mixture. The other 


methods are crankcase scavenging, and an independent blower. Sca- 
venging refers to removal of exhaust gases from the cylinder. "The 
range taken, however, from 500 to 2000 rpm, shows a speed flexi- 
bility which is a remarkable achievement in an engine in which the 
only means of exhausting the burnt gases and of taking in a new 
charge are the simple ones described." (S. J. Davies, Engineering , 
6-25-37). 

"The extent of the vacuum created is largely dependent upon 
the force of the explosion (exhaust pulse ).. .because it leads to 
an increase in the volume of air admitted to the cylinder as the 
power demand upon the engine increases. .. .Proper proportioning of 
the exhaust pipes is necessary in order to secure the best results." 
(P. W. Petter, The Engineer . 8-17-34) 

Because of the intensity of the vacuum, on an experimental 
engine whose piston rod falls away freely after a power stroke, 

S.J. Davies reports, "The port was opened by the piston near the 
bottom of its stroke, the gases escaped, and it was observed that 
the piston returned up the cylinder and came to rest at a point 
about two-thirds of its upward travel." In another experiment, 

"5d?o of the original contents of the cylinder passed out through 
the exhaust port at a speed vastly higher than those accepted as 
possible in engine practice, and that, following this rapid exit, 
an equivalent depression of over 8 psi was lpft in the cylinder.” 

Davies’ pioneering research that at a 

higher effective cylinder pressure, the scavenging and induction 
characteristics of a Kadenacy engine are better than at lower mean 
effective pressures. The more gases are in the cylinder, the easier 
it is to get them outand get new air in, using the Kadenacy Effect. 
Naturally this is the opposite of an engine not using the Kadenacy 
system of scavenging and induction, "...the volumetric efficiency 
is more than doubled from no load to full. This characteristic is 


brought about by the increase in the ballistic effects of the exhaust 
with increase of load." (S. J. Davies, Engineering , 6-18 k 25-89) 

"If gases contained under pressure in a vessel are suddenly 


discharged by the rapid opening of a suitable orifice in the vessel, 
an explosion (exhaust pulse) of the gases from the vessel occurs, a 
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characteristic of which is that the pressure inside the vessel 
falls considerably below atmospheric and is followed by an implosion 
of the gases or air outside the vessel towards the interior, if the 
orifice remains open. Explosion and implosion, as far as their 
intensities are concerned, will be maxima when no pipe is fitted on 
the exhaust orifice. .. .As the time interval between explosion and 
implosion is of the order of a few thousandths of a second, special 
arrangements have to be made to detect it." (James B. Henderson, 
Engineering . 9-22-39) 

"Dr. Mucklow suggests that a depression cannot be created in 
the cylinder unless there is an exhaust pipe, because with no pipe 
the energy of the very short jet of gas at the port is insufficient 
to account for a big drop in pressure. This would be true for a 
large cylinder with a small orifice, but in the case I have quoted 
the port is so big that a comparatively large volume of the gas 
inside the cylinder would attain a high velocity, and besides this, 
the gas which has gone through the port will have sent off a posi- 
tive pressure wave, leaving a negative wave at and around the port. 

may be ultimately agreed on, there seems to be 

Sel] " b (Tnhn bUll S on the .Kadenacy design do work remarkably 

ell. (John C. Morrison, Engineering . September 29, 1939) 


"...in some cases the assumptions underlying a theory are 
forgotten and the theory is applied to problems in which the 
assumptions do not hold. Such a case has arisen in the treatment 
of the exhaust of an internal combustion engine, as given in text- 
books on the subject. There is no branch of engineering science which 
lags farther behind practice than in problems involving the 
dynamics of fluid motion. .. .for high velocities, such as arise in 
the motion of projectiles, the science is mostly empirical, the 
same applies to phenomena of the nature of explosions in the air. 

It is possible to calculate the maximum pressure due to say, the 
detpnation of explosive against an armour plate, but the resulting 
motion produced m the air is beyond the powers of mathematical 
science. .. .Textbook theory ignores what is happening outside the 
exhaust valve of an engine .. .this formula is based upon the assump- 
tion of a steady state in the vessel, so that the distribution of 
energy within the vessel may be ignored and the kinetic energy in 
the issuing jet equated to the work done in maintaining the constant 
pressure in the vessel. . .this formula gives results agreeing with 
experiment .. .when applied to conditions of a steady state.... The 
exhaust of an engine is a transient phenomena; it is all over in a 
few thousandths of a second. Hence a great deal of justification 
is required in applying to it a formula refering it to a steady 
state ... progressive wave phenomena are excluded. The only justifi- 
cation which can be given is that there is no other theoretical 
basis for a solution. .. .We shall see later that the application of 
the above theory has only hampered progress. .. .Kadenacy makes use, 
for the first time, in a two-stroke cycle engine, of the rarefaction 
in the cylinder following the explosive discharge of the exhaust to 
suck in the fresh charge, and succeeds in supercharging to such an 
extent that he can eliminate the charging compressor and obtain a 
larger horsepower than was obtained with it." (Professor Sir James 
B. Henderson, D.Sc., LL.D . , 10-6-39, Engineering ) 
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"...on the Kadenacy scavenging system, some experiments were 
devised to demonstrate ♦. .that a depression is created in a vessel 
after the sudden discharge of a gas under pressure through a large 
orifice, without the help of a discharge pipe. It would appear 
that the existence of such a depression follows from Newton’s 3rd 
Law alone, without reference to any other theory or authority. 

The law states that the rate of change of momentum is equal to the 
force applied. During the discharge a mass of gas is moving out of 
the vessel representing a certain momentum in an outward direction. 


This momentum must be dissipated before equilibrium conditions are 
established, and that can only be done by an opposing force. If the 
orifice is relatively small, damping by friction provides this force, 
but if the orifice is large the gas can only be stopped and its mo- 
mentum dissipated by an excess of pressure outside the vessel over 
the pressure inside it, representing the requisite force. Hence, 
a depression must be created in the container. .. .The addition of an 
t0 the orifice adds seme "inertance" to the system and 
- ^ 1S ^parable to that of an additional inductance in an 
electrical oscillating circuit. It alters the timing of the whole 
process of discharge, but not its nature. . .these simple experiments 
prove conclusively” the much discussed depression after rapid dis- 
charge from a vessel, quite independent from the existence of a pipe 
and that M. Kadenacy* s statement to this effect, which originally ’ 
parted the controversy, was justified.” (S.G. Bauer, Engineering . 


"Whether the vacuum is produced by the exhaust gases escaping 
eri masse from the cylinder and leaving behind them a depression, 
or whether it is solely due to the negative reflection of a pressure 
pulse from the open end of a pipe, is of secondary importance... 

'/v hat ever the effect of the exhaust pipe length on the magnitude of 
the depression, it seems certain that it can exert a powerful 
influence both on the duration of the "vacuum period” and on the 
interval between the point of opening of the exhaust valve and the 
instant when the pressure in the cylinder falls below atmospheric.” 

(L. J. Kastner, Engineering . 2-23-40) 

Mr. Kastner asserts that the method of producing the depression 
in the cylinder. • .is of secondary importance. In an engine working 
on the Kadenacy system, this question is of primary importance, since, 
although pressure waves may be present in the pipe, the exhausting 
eri masse dominates and determines the function of the exhaust pipe... 
The high momentum of these gases, both within the cylinder and outside 
that is, in the exhaust organ or beyond it, should be considered.” 

(S. J. Davies, Engineering . 2-23-40) 

"...a further feature of the Kadenacy principle is the control 
of the motion of the exhaust gases after they have left the cylinder 
which is accomplished by so arranging the exhaust system so that the 
resistance oflered to the outgoing mass of burnt gases is reduced to 
a minimum, and the mass of gas is kept moving in an outward direction 
® ^ i ly long time, in order to enable the cylinder to be re- 

charged with incoming air... the successful operation of the engine 
with natural aspiration. . .does not preclude the addition of a blower 
which may be utilised either for stabilisation or for supercharging 
the engine* In the case of the Kadenacy engine, however, the power 
required to drive the blower... is less than that for an engine that 
does not possess the natural aspiration or suction effect associated 



with the Kadenacy process .. .the scavenge pump was rendered inopera- 
tive and the engine operated with natural aspiration .. .when con- 
verted to the Kadenacy system and run under conditions of maximum 
rating, the power range was increased .. .the power output was in- 
creased by 130^... the fuel consumption was reduced from .40 to ,')b 
lb... .when operating with natural aspiration, the engine draws more 
than one cylinder volume of fresh air into the cylinder. 'With the 
blower in action, about two cylinder volumes per cycle are passed, 
the pressure between the blower and the cylinder only amounting to 
about 2 psi.-. .and these special tests were made with thirteen dif- 
ferent lengths of tail pipe, ranging from nothing up to lfO feet. 

The results show that throughout these tests the performance of the 
engine was not materially affected. . .Another fact noted from the 
tests was the way in which the changing pressure of the engine fell 
ofi with an increase of the brake mean effective pressure. This 
reduced charging pressure, it is held, is explainea by the fact that 
in the Kadenacy system the greater the energy in the exhaust, the 
greater will be the suction effect, tending to draw air into the 
cylinder, and thereby reducing correspondingly the resistance to the 
delivery of the air from the blower." ( The Engineer . 3 - 8 - 40 ) 

"...Whether the discharge process is visualised as distinct 
waves traveling through the discharge and being reflected at the 
end with a reversal of sign or as a surging movement of the whole 
mass of gas, the duration oi the depression must always be related 
to the length of the system; that is to say, the combined length 
of the vessel and the discharge pipe, if any.!. the assumption, with 
which Dr. Davies . started this controversy, that only the duration, 
but not the magnitude of the depression created by the sudaen dis- 
charge from a vessel, is influenced by the existence and legth of a 
discharge pipe... the exhaust valve is opened suduenly, ana the pressure 
or potential energy of the combustion products is transformed into 
kinetic energy... the exhaust gases, moving by now at a high velocity, 
draw air through the inlet into the cylinder, rather like a rapidly 
moving piston, and farther on into the exhaust pipe, if there is one... 
If this cycle is achieved no vacuum is actually created at all, and 
only if the inlet valve were not opened would the case be similar to 
that of the discharge vessel where the kinetic energy of the escaping 
gases is again transformed into potential energy by creating a 
depression. The _ magnitude of this depression is thus merely a measure 
of the energy which would have been available for scavenging purposes 
had an inlet valve been opened at the correct moment." (S. G*. Bauer 
Engineering . 4-26-40) * 


2. Pulse jet 

"The general public impression has been that the pulsejets are 
purely an implement of war, but Ford engineers and others think 
differently.’ They are such an effective propellant — producing an 
estimated three horsepower for each pound of the more than 300 pound 
weight — that they have stimulated the imagination of transportation 
engineers everywhere. They are being thought of as a propelxant j. or 
aircraft, marine vessels and automobiles. The principle of tne 
impulse duct engine borne as a desparate war measure in the minds of 
the German engineers may find its fullest destiny as an instrument 
of peace." (S. H. Brams, The Iron Age , 2-1-45) 
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"Watching the testing of one of the (pulsejet) engines on 
the test stand at Rouge is a soul-shaking experience. The observer 
feels that he is in the presence of power greater than anything he 
has ever experienced. In order to start the engine, a blast of 
(compressed) air is directed at the grill with sufficient velocity 
to duplicate the ram pressure attained in flight. As the engine 
roars into high speed, the shock waves of the successive explosions 
hit the observer with a physical force that can hardly be described. 
The vibrations are most disturbing physically and psychologically. 
Standing toward the rear opposite the flaming column of exhaust is 
as much as your life is worth. The writer stood it for several 
seconds and then walked away while he was still in one piece * n 
( Aero Digest . 5-1-45) 

” ’’In the pulsejet engine each pound of gas uses probably a 
little more than thirteen pounds of air. Accordingly, less than 
one fourteenth of the weight of the jet comes out of the (gasoline) 
storage tanks of the vehicle. • .In the reaction motor there is no 
machine compression. Still, the air is compressed to some degree. 

The manner in which that is accomplished without compressor or 
cylinder and piston assembly, is the novel feature. The air is made 
to compress itself for each new explosion as an aftermath of the 
previous explosion. The exhaust stack is dimensioned, and the 
system tuned, for the appearance of waves of high pressure. There 
is resonance between the succeeding explosions and the natural period 
of such pressure waves. Thus, essentially moving parts are done away 
with, and still compression is provided, apparently from nowhere. 

It appears that the exhaust stacks of the pulsejet are of considerable 
length, about eleven feet. A sound wave would require one fiftieth 
of a second to travel such a tube both ways. It would oscillate about 
3000 times per minute, about as frequently as the pistons in modern 
gasoline engines. The stacks have one-way valve entrances in front... 
The vacuum itself .. .sucks air into the rear opening of the stack, 
the exit serving momentarily as an inlet. This backflow strikes the 
front of the stack, and a high impact pressure is built up by way 
of stopping the forward surge of the air. This is the compression 
effect relied on. The pressure lasts only a small fraction of the 
total period, which is itself not much longer than one fiftieth of 
a second. At that point the next explosion is timed to take place. 

A new cycle begins, the stack acting like an organ pipe, and the ex- 
plosions being in resonance with the natural frequency of the explo- 
sion wave, and of the forward surge wave. It must have been difficult 
and time-absorbing to make such a scheme work. Even now it does not 
work well and is extremely inefficient. The wonder is that it works 
at all." (Dr. Max M. Munk, Aero Digest . 9-1-44) 

"The cycle is not controlled by the valves but is the result of 
resonance in the tube, and of the speed of burning of the mixture. 

The valves are actuated automatically by pressure reversals in the 
tube." (Blaine Stubblefield, Aviation News . 2-12-45) 

"An American-designed impulse-jet engine, stated to surpass that 
used on the Nazi V-l, has been developed by the. G. M. Giannini Co., 
of Pasadena, Calif ... .Efficiency of the diminutive power plant is said 
to be so great that if a fuel tank were directly attached and the 
engine started off on an inclined plane it would continue to fly 
through the air, even without wings, until the fuel was exhausted. 
Specifically, company engineers claim greater efficiency for the engine 
oyer the German type because of more thrust, less weight, and smaller 
size. More power is developed because the American engine fires more 
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than five times faster than the German unit. The wind tunnel model, 
for instance, fires approximately 250 explosions per second, when 
operating at full throttle. (Develops 2 lb-thrust; 2 ft long; 

2 inch inside diameter.) ( Aviation , 10-45 ) 

"...inventors William L, Tenney and Charles A,i arks of Minneapolis, 
have shrunk the (pulse jet) engine to toy size. For its measurements, 
fbly is the most powerful package of energy ever produced. It 
will drive a miniature automobile, for example, 150 mph...the 21 inch 
bciby jot suppliss s. thrust of thro© pounds when not moving, more 
than that when movement rams air through the spring shutters in its 
nose... In larger sizes, the inventor believes, this "Dyna-iet" could 
be used to drive full-scale airplanes, racing’cars and boats... 

The entire assembly weighs only a pound... The baby jet pulses up 
to 250 times a second." ( Popular Science . 5-46) P 

"However, its efficiency is low, and at present its operation 
is limited to subsonic speeds because of shock wave interference 

nnt for supersonic-flow conditions,. The device is 
not capable of sudden changes in power output or altitude and thus 

m?i?* neU S er S bllity ? f the airframe it is installed in is limited." 
(William P. Munger, Aero Digest . 3-48) ’ 
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Energy Content of High-Pressure Gases. 

Ky K. w <;kvi-:k. h >v. i>h i>* 


f PHi. problem et determining the a\ailablr energy 
I from gases contained in closed vessels is of 
importance in the constant volume type of gy> 
turbine . It also arises. however, in other cases, 
such as in the storage of high-pressure air used for 
starling oil engines and in the emptying of submarine 
water ballast tanks. Two eases are considered in 
this article, one without and the other with heat 
how to tlie containing vessel. 

Availajilk Energy with N\, Heat Flow. 

(a) Complete Empti/it'ff .— Lot u vessel A. Fig. 1, of 
capacity V cubic feet contain gas at the absolute pres- 
sure p ) and absolute temporal lire T,. and let the oxter-, 
rial absolute pressure lv pi.. in order to simplify the 


ff C f 



(• H e. w, - \V ; J .-U’j r.= \V. r r represents the 
volume swept out by the imaginary piston. The 
area l' B K U is thus equal to 14-1 ;>« t. \\‘. and this 
appears as the Second term on the right of equation 
(1). Hence, equation (li is represented by the 
difference of the areas A HKD and CBED in 
Fig. 2. t.F.. the a \-«i !«}>).• work of exjwni.oon with no 
friction and no heat flow is represented bv the area 
A B C. 

(M I’nrfnil t.tnjtli/inij . — II the Hisettarge of git* from 
the vessel eettsea bv closing the \uk, when the 
internal pressure is ul*ovo that of the external pres- 
sure. the available energy and its repr*-setitnt mu nn 
the I’ V liriJ ure obtained as fallows ; - 

As before, let \\\ be the weight of gas which 
expands and remains in the vessel itself, and let YV. 
be tl*«- weight- winch is discharged through tin- nozzle. 
Also |.-t the pressure m the vessel, at the iustum the 
discharge through the nozzle ceases, be p z . The 
total internal energy in the vessel initially is 
fAVj- \\',i ] r Let T, and T, lx- the temperatures of 
the gas after expansion in the vessel, and in the 
imaginary cylinder respectively, and let I. and I.-, 
be the corresponding internal energies per pound. 
The final store of internal energy is thus (YY j YV. I s b 
If the final specific vnhime in the imaginary cylinder 
is denoted by r 3 the work in heat units performed by 
the \\ . lb. of gas against the external pressure pt, is 

144 W . r a pi ... .. , . . 

^ . iiie available energy is now given by 


FIG. 1 

theoretical consideration of this problem, it is con- 
venient- to imagine that the portion of the high- 
pressure gas, contained in the space B C D F, expands 
down to the outer pressure p ti within the vessel itself, 
while the portion of the gas container! in the space 
CFH D is discharged through, tin- nozzle. It can 
be assumed that this latter portion, on emerging 
from the nozzle, pushes an imaginary piston on the 
outer surface of which the constant external pres- 
sure pt, is exerted. Let the weights of the gas in the 
portions BCDE and CFHD lx- W, and YV, lb. 
respectively, and let the total weight be W lb.. 
t.e., YYq -W, = YV. The internal energy* of the gas 
m the vessel before discharge is \V I,, where I t is 
the internal energy per pound of gas at the tempera- 
ture Tj. Since it is assumed that there are no heat 
nor friction losses, the expansion of the gas. both in 
the vessel and through the nozzle, is &dial>atic, so 
that the final temperature T. in the vessel is the 
same as that in the imaginary cylinder K. If the 
internal energy per pound of gas at T t is denoted 
by 1«. the final store of internal energy in the vessel 
is YY‘, l, mul in the imaginary cylinder YY*, J ; . The 
total filial Store of internal energy is thus (YY , YV.)L 
- YY 1,. Before the energy law cun be expressed, it 
is necessary to determine the external work performed 
on the imaginary pist-on. Let v t he the specific 

I 



FIG. 2 


volume of the gas after expansion. Then, since the 
external pressure exerted on thy piston is constant 
»uid equal to ph. the work done by the gases on 
this piston i* 144 pt v, YY*, ft. lb., or in heat units 
1 44 pb 1 2 YYL J . 

The energy law now gives the available work us 


E 
.1 : 


YV J,. \V I,~ 


144 pi, I', YV. 


-YV (I, — Ij'; — 


1 44 pb v j YY , 

*" j " 


(I) 


This work can be represented on the pressure 
volume field as follows : — Let A. f ig. 2, represent the 
stale of the gas in the vessel at the liegiiuiing of dis- 
charge. and let B ropivMcut the stale of the gas. 
both ui the vessel and in the imaginary cylinder at 
the end of discharge. The curve A B represents the 
adiabatic expansion of tie- gas, both in the vessel 
and through t h « - nozzle. The mv.i A B l. D below 
the curve A B represents the < Idler, -tie,- of internal 
energy \\' (Ij-Ta !>eforc and after the adiabatic 
‘expansion, and this expression appears ns the first 
term on the right of equation < f ) . The distance 


■ He*t Engine* Department June* \V*a Engineering 
Laboratoriet. Univrmtv of Glasgow. 


the decrease in internal energy less the external work 
performed, be.. 


j = (Y\> \Y,) lj — YY', 1 ; — -W. l s - 

- \Y.) (I,~l t )-rW s (L-I,i 

1 4 4 YV a r, /i,. 


But \\ j -YV, = Y\\ and \V,= \V-\\ ,. *. that 
^5arYV (I, — I«> — YY'l U.-J 3 1 


144 \V, C a pi. 

.1 


<21 


This is represented on tin* p V lield os follows : — 
L«'t A. Fig. 3. represent the state ]Xiint of the gas in 
the vessel before djscliarge and Jet the gas pressure drop 



r h i k <w 

Fig. 3 

to the lower value p t . so that B on the mhnbatic curve 
represents the final state of the gas in the vessel and 
C represents the final state of the gas in the imaginary 
cylinder. If the diagram is drawn for the complete 
weight YV, then the area A B L F in heat units 
represents YV (I A — !•>- and the area BCKL gives 
YY’ 0 t — J 3 ). The curve K D is an adia.hu) ic through E 
which lies on the pressure level p t . The rat io M E/M B 
is the same os the ratio of the weights YY’jfVY', and 
since M E M B = X D .X C (because both curves are 
ndiabatics). the ratio X D /X (' — W, 'YY*. Jt there- 
fore follows that, since the area B C K I- is »*qual to 
YV {!.-!,). the area E D H F is equal u. YVj (1, — 1,>. 
Finally, the weight of gas repres**m<il bv the volume 
D C is YV. lb., so that if v s is the sjx*cifie volume 
of the ga> at the point C. the area 1) C K H 
— 144 pt, YY*, t 3 , J lieu I units. 

Hence wliich is given above in equation (2), is 

represented on the /> V field by tiie following areas : — 
E/J = A BLT-IB C K - EPHF-DCKH 
— A C D E. 

The following example aervea to show the applica- 
tion of tiiis treatment : — Air at a pressure of 1 1 4 ■ 8 lb. 
per sepmre an h uhs. ui id ;l te-nijurulfirr of 2U7 deg. 
Cent. abs. is discharged from a vessel having a 
capacity of 2-ft5 cubic feet through a nozzle into 
the atmosphere. Find th* idea] available jet energy 
if the pressure in the vessel drops to the external 
pressure of 14-8 lb. per square inch abs. Also show 
tht- available jet energies if tin- discharge ceases when 
the internal pressure drops to the following values 
;j.=r]00, t*0, SO, 70. 1*0. on. 4b. 30. and 201b. per 
square inch abs. Take y-, ] 4 ami C, -*0' 1 00. 

YY’ith complete emptying the pressure in the vessel 
drops to pi,r= 14- S lb. per square inch abs.. *o tiiat the 
final tcnij>cnitiiiv both lv'foi>‘ and after the nozzle is 


i li;» • li deg. Cent .abs. 


’WC&7 : 

Tile initial weight of an ill the \-essel is 

w-u4„ 1 v-rt. 

' 1 *Mil\ 207 


111'' 1 1 1 1 1 1 1 U'clglil ol nir in tli, 
144 pi \ 144 14 •* 

’’ l - ““ ' — 


‘♦.*i 


I Is 

tl 3YI4 III 


K T. Sill 3 > l tki • ( I 
Hence tlie weigli) nf nir dw-litirged is 

YV. - YY -- Y\\ — ) -7 I — ii- 304 131 li 11 .. 

The finol *q>'eifie volume is ci\'cii by 

li T. tit. :t h.;. 


144 u > 


7 -40 ri.Mb. 


144 ph 

The a\‘ftilable jet energv is now found from equation 
t l). mm 

i;=W(i,. ui- 


or. « 
win. 
volll 


ee t he expansion occurs at low ttmijR-naturos, for 
th.- specific heat C, of th-- gas bi constant 
e may i*e taken us constant, 


^ -we.(T,-T,i U4 M^-' 
171 ' 0 • 1 6y (297 — hie - ti.— 
144 x 14 8 .7-49 1 31b 


3k ti- 15- (1=23 OC.H .l .. or 32,200 ft.-lb. 
in the cose of partial emptying the available energy 
is given by equation (2i, i.c., 

YV (l t -] a |-\Vj (1.- 1„) - 144 pt. Wj r a 'J 

-- Y\ Cr (T, — Tj | - Y\ , (. r ( r hj J n ! — 144 pb YV, V, J. 
Choosing « pressure drop in the \»*ssel from p l 
= 114 8 1b. per square inch abs. to /ij = lK)lb. per 
square inch abs.. the following fignn> are obtained. 

The temperature at the end of expansion in the 
vessel is given by 


T, -• 




277 deg. Cent. abe. 


The ts-mperatun- r l n at discharge from the nozzle ie, 
as in the case of complete disi-liarge. equal to 
1 ii5 • t> deg. Cent, abe 

The initial weight m the vessel is the same u 
before, namely. 1 710 1b. Tin- final weight W, in 
the vessel is gii en hy 


\\ i 


1 44 p. \ 144 x !*b -:2 ‘lo 

R T. fifi 3 '277 _ 


1 432 lb 


The weight diwharg>*«l ip thus 


\\, YY - \\ , | Tin l 432 u 27 a II, 

Tli.* sjieeitie volunit, ,»l tin- diseharg<*d vie is. u 
Iwfore. e, 7 4!ift. r! li.. Hetu-e 


~ f 7I<> V 0 lrt» (2J17 Jd.Y-lit 
144 n 

x 0- Hit) (277 — J ti5 ti) - 


I 432 

27,s • 7 4i» h 
’ UbiT 


14 8 


— 78 C.H ,U., or 10.920 ft. -lb. 


Tlie available energies for the other hind pressures 
are obtained in tJie same way and are shown in the 
table below : — 


Kins) 

prr**ure in 
VOMCl p,. 
100* 

SO 

so 

AO 

40 

SO 


7 S 
10H 
13S 
160 
18 4 
20 4 
22 • (l 


14 $ 23 0 


A vkilnhle 
6.S60 

lo.‘>2o 

i:,. 2 t>o 

111. 040 
22.400 
20.7GM 
2 S. 5 fio 
So.KOn 
32.000 
32.2"0 


PercenU^e 
*v&iUble 
energy . 

. 21 
34 
47 
5!i 
70 
SO 
SO 
96 

99*6 

100 


Curves showing the above re)a?ion*bipe graphically 
have been plotted in Fig. 4. 

A VAU.ABI.E Energy with Heat Flow. 

lt has been shown above bow the available jet 
energy- of a compresai'»l gas in a vessel of constant 
volume can bo found from the energy law when no 
heat flow occurs. The problem of determining the 
a\a4lftble energy when bent flows into the veeeel 
during the discharge of the gas will now be discussed. 
The law of expansion of the gases in the vessel may 
l>e expressed by the simple relationship pr*«*c, 
whore n is the mean index of expansion, while the 
law of exjuuision through a smooth well-rounded 
nozzle may be taken as following the law pr P**c, 
when* y is the adiabatic index of expansion. The work 
obtained by the assumption of an adiabatic expansion 
through the nozzle can be multiplied by a nozzle 
efficiency factor to give tin* actual available jet energy*. 

In Fig. :» Jet A represent the state jjoint of the gas 
in the vessel Is -fore discharge occurs. 'J'hc c'urve A E 
is an udinbatic between the inlet pressure p 1 and tlu- 
external pirssun' pb - Let A D be the polytropic 
representing the expansion of the residual gases in 
the vessel. The kinetic en<*rgA' of the first element of 
gas discharged through the nozzle is rrpn'sonted by 
the aivu Ej-- F A E K. At. some lutej- iusUmt. wlien 
the pressure has dropped to p z . tin* stau* of the gas 
in the cess* *1 is r, ‘present, si hy tie isunt J3. so that 
the energy of mi element passing through the nozzle 
is given by the men HBC K. when* B C is ail adin- 
batie curve passing through B. 

The weight of gas discharge I L*twe,*n A and B is 



10 



w - - - (3; ! 

wlmv V i*. t)i-' \olunn* of iliv vessel and and r t 
are tiie tijn-nlic volumi** of the pis in the vessel at 
A and n *pn T i\i*ly. 

DilTrnia mt nn; equation {3> with jvspeet to v, gives 


d \\ - 


V ft ( t 7 ) • '»r. si n vi* - -r- p. - density of tile gas 
at tin- joint B. 

i/UV- -V(/(?j) (4) 

When tlie jiresnurv in the vessel drops to p t , i.r.. to 
the jioml If. tin* jet energy per jRnunl of an element of 
weight </ W discharged through the no/./.le ip repre* 
sen ted hy tie area H B C K. which, in heat units, 
is the same as tfie difference m total heats between 
the point* B and < \ 'Pin* anil HBCK is thus equal 
to .J t'„ (T, T.,i f t -Ml., and the jet energy of the 
elcm.-m i- 

>t K-.-J tvn .- i ,)«/ w. 

or. from equation 14) 

i/E -J t’,V (T, — T a ) rf(f 3 ). 
and the total available kinetic energy as the pressure 
in the vessel drop* from to p . is 

K- / P j <V v n* s -T s »i/f? a ) 

- Pi 

If the exj>ansion occurs at moderate temperatures 
C P may be assutru-d constant, so that 

K -•! C,,Y j P YJy -T 3 >// Ip,) 

•' Pi 

From the poiytropic law for the curi e A B we have 
Pi . Pa 
?,* Pi" 


so that 


rf (Ps'-'-p ; 


d (p t ), 


hence 
E — 


-JC, Y/^fT.-iy-^x-p. 11 N d(p.) 


or Slliri' Pj ~ 


K- — 


i , \ i p, jl «- h 

■j~" 1 (T.-Tj) p. d(j. (5) 

Pi *'i " Pl 


Fig. o shows that T. is the temperature at B and 
T ; , the temperature at C. so tliat 


’ 1 <«Y?' 

- 1 1 i - (i i .i *•- 1 /inn 

1 “ I *'■ * J 


m» that 

T_ -T. 


/*■ " 

) Vl v, 


Equation (5) thus becomes l 

y_ JC,.Ylj „ 

r ‘ I In (]■•!/»)“ 

Pi T ‘l *' Pl 

! — I'm it :*-l««. 1 1 «- it 

- pt. p t Pi d (p.) 

J C,,Y T, ip. , "':■»<« y~ li , . , 

■■ / I -pt p- d (p.l 

Pi *’.« ) Vl 

which, on integrating, gives 

or, siiK-i - \\ - weight of the foments of the vessel 

r i 

before discharge. 

K- ~ - ’ [I/-, -p*_)- rVh W'i Pi 'J 1 

it should be no toil that in tins expression, the pres- 
sures may either b<* in potuids per square inch 



abs. or in jkhiiiiB per square fool nit*., since the 
pressure dimensions cancel. 

Tlie following example shows the application of 
equation (tit : — 

Air at a pivssuiv of 114 Sib. per square inch abs. 
and U'niperuture of 297 deg. Cent. ah*, is discharged 
through a convergent nozzle into the atmosphere 
from a vessel having a constant capacity of 2-95 
cubic feet Find the total available jet energy if the 
pressure in the vessel is reduced during discharge to 
the external pressure of 14 8 lb. per square inch abs. 
Take the mean index of expansion of the ail in the 
vtrasol as ti — I • 0.1. 


Also show the available jet t-nergiet* if the discharge 
ceases when the internal pressure drops to the 
following values: — p s =100, 90, 80. To. t9J. f>u, 40. 
30. ami 2u lie p«-r square inch ubs.. the corn*sjK'nding 



ti \iiliics l*eiiig n - I 20. 1*21. 

109. 107, 1 0(i. and I-Oo. 

Assume adiabatic flow through 1 be 

t-ak" - o 2:i*> 

Tin- ini 1 1. it wi-iglil nf air m tin- veasi-l i' 

144 Pj V 1 44 X I 14 - S 2 «Tj 

m, 90 3 X 297 


I is. I • 1 f*. I 12. 

lluzzt- Mill 


1 Jb. 


H 'l\ 

The avails Vile energy with complete discharge, 
.e., with p, = /jh. is now given by equation (0). hr.. 

4 C r W ‘i\ r ' I 1 : 7 J :• ' 

L [b t; ]~ Ps^-rpt- '-Pi 


E — 


Pi n 
1400x0-238 


'Pt, 

x 297 


114- 6X1 •0.7 

0 4 1 4 / 

-14 14 -8 ( J J 4 


*Pi "Pi 

f(114 8- 14 S) 


‘-uV 14 )] 

-43,800 ft.-lb.. or 31 - I C.H.r. 

Dealing now with the ease of partial emptying of 
the vessel and choosing a pressure drop to p, — 90 lb. 
per square inch abs.. equation (6; gives 
1400 0 ■ 23S x 1 - 71 . 297 


i 14- 


■ 1 27'. 

8-79 i MU 


- 911 


M 


[| 1 I4-8--90) I 4 14- S 1 ‘ 

12.300 H.dh.. 1 
The available j* -t i'ir<-i-gii*s for tlie i.tii'-T tinul pres- 
sures wen* cnli-iitiUed 111 tlie same wav. and tin- value- 
tin; tabulated B low Curve* showing tin- relutiun- 
*hip between p t and the percentugi rutin of tin 
available energy to the energy obtained with com 
plete discharge, are shown in Fig. fi. 


Final 

pitauri 

IITOWt-Jv 

KSl 

!K) ... 

Sfl 


20 . 

14 8 


Available 

anergv 

K1J C.H'.V. 
f.-r.r* 

K 51 ... 
11-04 
Ml 71 
20-4S . 

... 24 21* ... 

.. 26 88 . 

*9-43 ... 
it'll 
31 2<* . 


Available 
merge E. 
ft.-lb. 

7.79ti 
12 , 8 CS 1 . 
16.200 
23.400 
28,600 
J4.0O0 
37.600 
41.200 
43. COO 
43.8CK' 


available 

on ©rff-v . 
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THE ENGINEER 


Time of Discharge of High-Pressure Gases 

By E. W. GEYEK, B.Sc., Ph D.* 


I N a previous articlef the author di&c im a od the 
problem of determining the available energy 
of high-preaaure gases discharged through noulee 
from a v easel into which no flow oocura. It ia now 
proposed to deal with the question of the tune 
taken for the gaeee to drop from an initial pressure 
Pj to any lower pressure p,. 

Consider a vessel of volume V ft.* oontaining gas 
at the absolute pressure p l and absolute tempera- 
ture Tj and let the corresponding specific volume 
be t>j Due to the escape of gas through a noule, 
say, the pressure and generally the temperature 
drop to the lower values p 3 and T, for winch the 
oorresjKjnding sjiocific volume is At any inter- 
mediate ms taut let the pressure, temperature, and 
specific volume be p, T, and v. 

The weight discharged in time d t is 


dW» 


-Vd 


0 - 


\d f 


CD 


where p is the density of the gas. 

The instantaneous rate cl mass discharge is 
given by 




( 2 ) 


where is the coefficient of discharge of the nozzle,! 

A is the area of the nozzle, | 

y is the adiabatic expansion index, 
p s is the pressure at the immediate nozzle 
exit. 

It should be noted that p, will be the same as the 
pressure p* beyond the nozzle exit if the ratio p„/p 
is above the critical pressure ratio, but p„ will be 
greater than p* if the ratio p # /p is equal to the 
critical pressure ratio. It is thus seen that p^/p 
has an important influence on the mass rate of dis- 
charge. Its critioal value is given by (p*/p)cr 




— r V \ the value of which is 0-528 for 


diatomic gases with y*=l 4. The instantaneous 
rate of mass discharge, when p*/p is equal to, or 
less than, 0-528, is thus obtained by substituting 
the value 0 528 for p,/p in equation (2), giving 


W»3'89Q,A ^ 
By writing 


(3) 


then, for all cases, whether or not pjp is 
constant, equation (2), gives 


July 21, 1939 


W«Q<A0 


fi 


(6) 


When p u jp is equal to the critioal value, /J is con- 
stant, otherwise 0 is a function of p # /p. 

The weight of gas discharged in an element of 
time d t is thus 


d W*=Cg A fi J?dl 


( 6 ) 


so that with equation (1) 

C.A 

If the law of expansion of the gases within the 
vessel be denoted by plf^—Pilpi m > 


then p 


so that 


giving 


c<Al}J&x,' +l dt=-\dr, 


I a _/»-UV 

C, A ^ p,* r,* d <=— V p * ’dp 


0) 


This is the fundamental equation which enables 
the time of discharge to be determined. If this 
time is long compared with the times of opening 
and closing of the nozzle valve the area A may be 
assumed constant. If, however, this is not the case 
the variation of A with time has to be taken into 
account in integrating equation (7). For a nozzle 
which is well rounded at inlet and parallel beyond 
the throat, T* may also be assumed constant, 

* llutl ttuuuMM Jmims Wall Kagin—ring 

Labor* lor m, UtuvMsiiy of OUaguw. 

t “ Knotty Content of Higb prMSun Omm," Tkm Emoimsbm, 
Sep ta«n ber fad, IMS. 



otherwise its variation with the varying ebullitions 
of discharge must be taken into account In the 
examples quoted below, which are taken from 
actual experiments, the time of opening and 
closing of a relatively large mushroom valve were 
very short compared with the total period of dis- 
charge, so that a constant area could safely be 
assumed and since the nozzles were short and ol 
convergent-parallel design, C* could be taken as 
constant and equal to 0-975 

It is convenient to refer to the times during 
winch p v :p reniuins constant at the critical value 
as the suberitical region ami to the times during 
which p v p is above ihu critical value as the sujier- 
critical region 

Aubrriluut 'Htgitm — For the suberitical region fi 
(equation (4) ) is constant, so that, for the eases 
where A ami Cj are aiao constant, equation (7) 
can be integrated directly, This give* 



(n-l)Ci 0 A pS is 




(»-l|C</)A VRT, |W J 


(*) 


Schule determuies graphically the value of this 
integral as follows : — The values of fi for p t .p, 
ranging from O’ 53 to 1 , are calculated from 
equation (4), t.e., 



2x32 2 v 
0 1 4 


14 



The following table gives the calculated fi values 


I /« y r 1 - a 

n C d A v R T, \P>/ |V Pi ) 


Table 1.— Volt** <>J fi 


pfc p 

0-53 ; 060 

' 

0 65 

0-70 

0 76 

U 80 

0 85 

OIK) 

0 96 

0 - 96 

10 

fi 

■ 3 880 i 3 836 

l 1 

| 3 750 

j 3-621 j 

, 3 432 

3 176 

2 846 

2 390 j 

1761 

M24 

0 


The values of V ” '.which occur in the 
\P) 

denominator under the integral in equation ( 10 ) 
are also calculated for various ptjp values, and are 
giveu ui Table II : — i_ i 

Table u.— I'oiMM *>J *■ 


This equation is applicable if tbc ratio p^jp 
doc* not exceed 0 05, llie oaac in which Pb’p 
exceeds 0-05 is considered Itolow 

If the expansion starts at or above the critical 
pressure, then =0-528, so that equation (13) 
becomes 


nip i 

| 0 63 

0-60 j 

0 66 

0 70 

0 75 

0 80 

0 IS 

0 90 | 

0 95 

0 98 | 

(?) iVi 

t) 6702 

0 6363 

0 6834 

0 7293 

0 7764 

0 6310 

0 6662 

0 9111 

0 9654 

“ 1 

0-9830 | 


The following example serves to show the applica- 
tion of equation (»). 

Air at a pressure of 114 bib. per square inch 
absolute, and teui}>erature of 207 deg. Cent, 
absolute is discharged from a vessel having a capa- 
city of 2 -9b cubic feet through a convergent 
parallel nozzle having a cross-sectional area of 
2 'HbxiO -4 square feet, and a coefficient of dis- 
charge of 0 08. Find the time required to drop the 
pressure in the vessel from the initial value to 
2 b lb. per square inch absolute. The external pres- 
sure is 14 bib. per square inch absolute!, and the 
mean index of expansion, as determined experi- 
luentoliy, is » — 1 ■ 10 

This exjianBioii occurs entirely m the sub- 
critical region, since the final pressure in the vessel 
is 2 b lb. per square inch absolute, and the outer 
pressure in p*=14 blb. per square inch absolute, 
giving ptip — 14 -8 28-0-528. For all pressures 
above 2 b lb. per square inch absolute, the ratio 
ptjp is less than 0*528. 

Equation ( 8 ) thus gives 


2x2-95 

0 10 

/ v - i() 

fit 4 -") -1 




2 • t8> X 10“* x 0 • 10 X 0 9ft a 3 89 ViHi 

3x297 


= 21 -2 secs 

6vptrcrUtcul Hojum . — In this region ^ is a 
function of pjp ~ see equation (4). The integra- 
tion of equatioii (7) is thus more complicated than 
that for the suberitical region. Schule J gives a 
graphical solution wluch is briefly explauied below, 
and from this the author has deduced a method 
(also giveu below) of determining the tunes 
of discharge in the sujtercritieol region by 
Calculation alone. 


j have 


p^c g", 
ip- 

pu 


so that equation (7) can be written as 
»«- 1 

‘ " V * * A 

■j v tt a u 

V**fiPiK dt ^ p '~ 

Or smee 


Vi *i -P 

1 J 3 

A fi p* * v*d t=-~ p** 3 d p . («) 


Also 




( 5 ) 


so that equation ( 9 ) gives the time of discharge a* 

/" + .Ve\ 

ft) » 0/ 


V 


L 1 

. , , in it , 
ni 4 A p 1 l!L 

Pk 


r* 




' '.( 7 ) 
(?)''■ ■ : 


(Id) 


J Scliule # “ TscIiiumIis Ttienmxjy nsiuik.," bd 11, 
-396. 


The values of fi as given in Table 1 are now multi- 


plied by the corresponding values 


-(?r' 


as given in Table 11, This gives the values of the 
denominator under the integral in equation ( 10 ), 
and the reciprocals give the values of the expression 
under the integral, i.e., the values of 
1 


(r 


* 0 =*, say. 


These k values are given in Table 111 opposite. 
The areas below the k curve when summed by 
means of a plammeter give the integral 

f -(?) 

- V i - ■ • . do 


(?r 


fi 


The change m z accompanying a change ui p t p 
can now be read from the graph, and from this the 
time taken to effect this change u found from 
equation (lU) 

Thus 


V 

n ( ^ a ViTT’ 


where 



( 12 ) 


H~ z i = 


The curve of z values is plotted in Fig. i to a 
base of p>}p values. 

This prooees can be repeated for other values of 
n giving a series of z curves, but these he within 
such a narrow field that no serious error is involved 
in accepting the mean value n = l-3 throughout. 

Approximate Time of Discharge in the 
Supercritical Region 

ITie following modification of Sebule’s graphical 
method i« suggested by the author, since it enables 

Tasi.* III - Wmm of 


0 406 V f Pi~p t )_ 


(14) 


n (-'< A p t VR \ X 1 • 893 2 " 

n + 1 

The graph of 1 H93 x», which occurs in the 

denominator of this expression, has been plotted 
to n base of n values in Fig. 2. It is practically a 
straight, line, the equation of which is 

y= 1-315 * 4 0-578, 

and hence equation (14) can be written in the 
simpler form 

0-406 V ( ft — p t) 


L- 


1 (I *315 ii-f 0-578} C* A p g VR T, 


(b r ») 


Approximate Treatment for Values of p^jp 
Lying Between 0-95 and 10 

For values of p»,lp lying between 0-95 and TO 
the equation of the mean straight line through the 
z curve in Fig. 1 is given by 

*=0-92 jV/» — 0-702, 

so tliat in this region the time of discharge when 
the pressure drops from p, to p % is given approx i- 
matelv by 




l 1 
\ 2 2 b 




\* 

a r rf a" \Ti 


faV 

<', A VH T, (ft/ 

t 1_ 

T (p ) 2 f n |(°' w2 ^ _ ' ft ' 702 ) 

(\b 92 Vh -0-702^ V 

V Pi /I 

7 (^ V (,,-ft) ■ . ..«) 


0 92 V 
»fv A v/H T, 


If the expansion commences with p»,/p- 0 ■ 95. 
equation (16) bf^conips 

0 ■ 92 V ipy Pjl 

T t~~ n-H 

1 053 2 " nC d A p t V / R T t 


(17) 


1 tv 

(7)“ % 


The function 1 053 1 n xw-y, which occurs in 
the denominator of equation (17), has been plotted 


o 61 

n 4621 


n 70 
0 X7S7 


(111 
0 S788 


0 SO 
0 3R36 


o ■ sr, 

0 4i»57 


0 4691 0 6977 


the results to be obtained by calculation alone 
On referring to Fig. 1 it will be noticed that the 
z curve is very nearly straight for values of pt p 
ranging from 0-528 to 0-95. The equation of the 
mean straight line over this region is 
2=0 406 jhfp - 0 -215, 

art that the approximate eqnation for the time of 


to a base of n values in Fig. 3. The equation of the 
resulting curve, which is very nearly a straight 
line, is 

y=l-02 n -4-0-033. 

Inserting this in equation (17) gives 
, 0 92V(p l -p 1 ) 


CrfAp, VR ; MM>2 n-f-0 033) 


( 18 ) 


Table IV.-- I'oiuM of t vrith n = 


nip 


0 628 

0 66 

0 675 

0 80 

0 625 

0 85 

0 876 

0 70 

0 725 

0 75 



0 

0 00985 

0 0205 

0 0310 

0 0413 

0-0610 

0 nans 

O 0702 

0 0795 

0-0890 

nip 

0-775 

0 80 

0 826 

0 85 

0 876 

0 90 

0 925 

0 96 

0 975 

1-000 



0 0984 

0 1078 

0 1172 

0 J278 

O 1380 

0 1490 

0 J 608 

0 1747 

0 1918 

0 2300 


discharge when the pressure drops from 7 ^ to p t 
in the supercritical region becomes 



The following ojtamplp serves to show the appli- 
cation of thorn* equation 0 ' — 

Air. at h prow* ure of 114 8 1b per square inch 
absolute, and a temperature of 207 deg. Out. 
absolute, ip discharged from a vessel having a 
capacity of 2 (i.i cubic feet through a convergent 
parallel nozzle having a crow* -sectional area nf 
2 - 80 y ](r 4 square feet It in required to calculate 
the time taken for the air pressure in the vessel to 
drop to that of the external pressure of 14 8 lb. 
per square inch absolute. The coefficient of dis- 
charge for the nozzle may be taken equal to 0 98. 



The time actually taken was measured experi- 
mentally and found to be HO seconds 

The critical pressure, referred to the external 
pressure, i» — 14 ■ 8/0- 528 — 2K- U lb. per square 

inch absolute. The mean index of expansion for 
this pressure drop and for the given nozzle was 
found experimentally to be ?i — 1 • 111. The time of 
discharge for this sn!>critioaI period is given by 
equation (8), i.e 

11 _f (pj 

1 (« -im jA/5 vrt, ly*» 

Here Pi Pfr~ 28-0 lb. per square inch abso- 
lute ; V - 2 ■ 95 ; A — 2-80, v OMft *; 0=3*«»o ; 

T, -- 207 dog. Cent, absolute ; H -!M»H ; v lid, 
C«- 0-98. 

These give 

2 > 2 9 5 

0 10x0 0.8x3-90 • 2 • 8b y |(H \/96- .1x297 
eio n 

4-W 2 1 -21 I see, 

The time of discharge in the supercritical period. 
i.s. t while the pressure decreases from 28 Ih. per 



square inch absolute to the external pressure of 
14-8 lb. per square inch absolute, is given by 
equation (12). which, with Zj--0 and p, = 

becomes 

1 t 

v- S. 

1 nC,A v H T„ V ) 

The value of T*. is found from 

T „- Ti (^) "‘=^, nn , n ^«2 On, 

absolute 

The value of x is found from Fig. 1 for the ratio 
14 8 

and equals 0-23. The index of 

expansion « is reduced in this region and is taken 
as l 09. 

Hence, 

2-95x0-23 

** 1 -Wxft-98 x 2-H0 v Hr -4 \/9fi _ .Tx 2“ft2 

l i 


/28 0\2 2 18 .. . 
Tirsj =U4 ’ 


The total time of discharge is thus f— fj j t t ~21 • 1 
4-14-4 — 35 5 sec. 

The percentage error in the calculated time is 

thlJR 


/3fi- 35j5\ 

l '3« ) 


4p*«ni. 


In making use of the approximate method it is 



necessary to consider the expansion in the super- 
critical region as occurring in two stages The 
first stage (►ceurs with a drop in pressure from the 
critical value of 28 lb per square inch absolute to 
the pressure p—ph '^ 05 — 14 8/0 95= 15- 6 lb. per 
square inch absolute, The time for this period is 
given by equation (l. r >), 

. 0-4 OftVfp! — ft) 

4 (1-315 *4-0-578) (g Ap, Vit T t 


Here p l — 28 0 lb ]>er square inch absolute ; 
p ,— p — 15 -fi lh, per square inrh absolute; n 1 t>1* , 



Tj — T ft *~2n2 deg. Cent, absolute. The other 
values are as given above. 

Hence 

0 - 406 x 2 -fir, {28 0-15 8 ) , 4 

4 " (T 7 n I 5 v ) TmI -MI ■ f.7H)ib»M'x 2 - HO V < 1 
X I 5 ft \ / iKJ -3x202“ 10 7 sec. 


For the second stage in the supercritical region 
equation (18) gives 

, _ (>-9_2_\' ip x -p t \ 

1 Vi A Pi VltT, (1-02 n-f 0-033) 


Here pj = 15-61b. per square inch absolute; 
p,— 14 8 lh per square inch absolute; n=l-09. 
T, ia the temperature at the beginning of this 
stage and is found from 

T.-— Vi— 2e *n» - ‘ Ml d '* 0"* 

(^r 

absolute. These give 

/ 0 92x2-95 (15-6 14 8) 

1 0-98x2*86 X 10-*x 14 8 \ W \\/ 250 

(1 02x1 094 0-033) 


= 2 9 see. 


The time of discharge in the supercritical region, 
as given by the approximate method, is thus 
<i-f tg— 10-7 4-2 - 9«a 13*6 sec., as against 14 4 sec. 
found bv the graphical method. The percentage 


_,.«* • (14-4 — 13 - 6) , 0-8x100 K 

difference is z-r— = x 100 = — _ — — =5-6 

142 14-2 


per cent. 

On the total period the percentage difference is 


(35-5-34-7) 

35 5 


x 100=2-3 per cent 
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CHARACTERISTICS OF A KADENACY ENGINE. 


TABLE I. 


1 . 

2 . 

3. 

4. 

6 . 

6 . 

7. 

8 . 

9. 

10 . 

11 . 

12 . 

It. 











Mean 



Antfe 

after 

SO. 

Propor- 

tionate 

Volume. 

Menu 

Effec- 

tive 

Area 

during 

Degree. 

Indi- 

cated 

Pres- 

sure 

In 

x n - 

Temper- 

ature 

In 

Cylin- 
der, T. 

Maae 

In 

Cylin- 
der, W. 

Maw 

leaving 

Cylinder, 

W,-W,. 

Maae 

leaving 

XT 

Density 

under 

Cylin- 

der 

Condi* 

tions. 

Mean 

Velocity 

through 

Port. 

Vertical 

Velocity 

of 

Maae 

Centre 

In 

Momen» 

turn 

leaving 

CjUn* 

per deg. 

Momen- 

tom 

In 

XT 

Dog. 

SO - 10 . 

8 q. ft. 

lb. per 
•q. In. 

Deg. C. 

Lb. x 

wjd«g. 
lb. x 

Lb. per 

Lb. per 

Ft. per 

Ft. per 

Lb.-ft. 

Lb.-ft. 


: 

x io-». 

abs. 

abs. 

10 - 1 . 

10 - 4 . 

1 

seo. 

cub. ft. 

see. 

SCO. 

per see. 

per see. 

0 

10 

0-286 

74-7 

1,800 

0-1849 

0 182 

0-102 

0*0898 

4,016 

16-0 

0 068 

0*0206 

X 

1*008 

1*016 

0*067 

78-0 

1,200 

0 18858 

0 222 

0 171 

0-0884 

27*86 

0-0464 

0*0400 

2,042 

2 

1-666 

71-2 | 

1,288 

0-18186 

0-269 

0-207 

0-0866 

88*8 

0-0801 

0*0600 

1028 

1,462 

8 

1 

2-266 

09 - 2 

1,277 

0-17867 

0-808 

0-237 

0 0846 

80*6 

0 0882 

0*0701 


1,240 

4 

1*081 

1*088 

2-981 1 

07-1 

1,268 

0-17660 

0*807 

0-806 

0-0826 

62*2 

0 0606 

0*0006 

1,278 

8 

8-633 

64-7 

1,260 

0-17162 

0-477 

0-807 

0*0808 

64-0 

0*0626 

0*1009 


1,813 

6 

1-046 

1-064 

4-09 

61-0 

1,240 

0*16685 

1 

0*608 

0-887 

0 0774 

711 

0*0626 

0*1170 

1,244 

7 

4*74 

60 1 

1,238 

0-16182 

0-679 

0-446 

0-0746 

85 -3 

0-0745 

0*1366 


1,288 

0 

1-062 

6-88 

60-0 

1,226 

0-16608 

0-658 

0-506 

0-0714 

101-8 

0*0800 

0-1653 

1,852 

U 

10 

1-069 

6-03 

62-7 

1,212 

0-14046 

0-707 

0-690 

0-0670 

125-1 

0*1138 

0*1021 

1,483 

1*077 


48-0 j 

1,194 

0-14178 



0-0639 




11 

1-084 

6-72 

44-9 

0-18330 

0-848 

0-662 

0-0607 

1,670 

147-7 

0*1331 

0-2030 

1,178 

12 

1-001 

7-28 

41*6 

0-12601 

0-729 

0-660 

0-0561 

1,820 

136*1 

0*0068 

0-1761 

1,169 

13 

1-098 

7-84 

88 6 

0-11896 

0-706 

0-648 

0-0527 

1,273 

180*7 

0-0898 

0-1710 

1,141 

14 


8-40 



0-090 

0-581 


1,227 

145*7 

0 0846 

0-1682 

1-104 

9-06 

86*6 

1,128 

0-11206 

0-682 

0-448 

0-0493 

130-0 

0*0602 

0-1430 

16 

1,033 

1-110 


83-2 

1,116 

0-10624 



0-0466 




16 


0-61 




0-494 

0-380 


882 

117*3 

0*0436 

0*1216 

1-116 

9*08 

31 2 

1,104 

0-10180 

0-420 

0-328 

0-0441 

764 

106-7 

0*0327 

0-1067 

17 

1-122 

10*60 

29-6 

1,097 

0-09704 

0-678 

0-444 

0-0420 

1,040 

162-8 

0-0601 

0-1438 

18 

1-120 

10-06 

27-2 

1,088 

0-09126 

0-044 

0-496 

0-0392 

200-0 

0*0770 

0 1762 

19 

1,106 

1-186 

11-40 

24*7 

1,068 

0-08482 

0-763 

0-687 

0-0363 

237-6 

0*1137 

0 1920 

20 

1,400 

1142 

11*70 

21-8 

1,038 

0-07719 

0-668 

0-436 

0-0328 

103*6 

0 0667 

0-1430 

21 

1,174 

: 1-148 

12*00 

19-8 

1,021 

0-07161 

0*643 

0-494 

0-0302 

240 0 

0*0911 

0-1638 


1,418 

22 

1 164 


17-5 

998 

0*06608 



0-0274 





TABLE II. 


Angle 




-(VII + 
, VIII). 

- Left 




- Eight 

after 

EO. 

1 . 

+ II. 

- III. 

Hand 

tilde. 

IV. 

+ v. 

+ VI. 

U 

33* 

Deg. 




! 

(Expressed 1 

In Centigrade 1 

leat Unite.) 




0 

1 

jj 

0*6197 

0 

0-6110 

0-001216 

0-00659 

Negl. 

0*004212 

0*002349 

0*00665 

0*5119 

NegL 

0-5028 

0-00103 

0-00807 

0-000020 

0007018 

0*001022 

0*00806 

3 

0*6028 

0-000020 

0-4926 

0-0011 

0-00912 

0-000081 

0*008482 

0*000634 

0-00914 


0*4926 

0-000031 

0-4813 

0*0011 

0- 01023 

0*000042 

0*000666 

0*000624 

0*01022 

5 

0*4813 

0-000042 

0-4673 

0-0009 

0*01315 

0-000072 

0*012370 

0-000718 

0-01316 


0*4673 

0-000072 

0-4606 

0*0010 

0-01577 

0 - 000109 

0*014760 

£-000921 

0-01678 

u ! 
7 

0*4606 

0- 000100 

0-4334 

0-0009 

0*01641 

0-000126 

0*015426 

0-000669 

0*01642 

g 

0*4334 

0-000126 

0-4130 

0-0009 

0*01883 

0-000178 

0*017596 

0-001068 

0*01884 

9 

0-4138 

0-000178 

0-3919 

0-0007 

0-02138 

0*000240 

0*019800 

0-001337 

0*02138 

10 

0*3910 

0*000240 

0-3664 

0-0007 

0-02604 

0*000351 

0*022780 

0-001882 

0*02601 

11 

12 

0-3664 

0-000351 

0-3306 

0-0006 

0- 02756 

0-000461 

0*024776 

0-002302 

0-02754 

0-3306 

0-000461 

0-3158 

0-0005 

0-02276 

0*000365 

0*020065 

0-001434 

0-02276 

13 

14 

1 6 

0-3160 

0-000366 

0*2042 

0 0003 

0-02167 

0-000366 

0*020010 

0-001270 

0*02165 

0-2042 

0-000366 

0-2734 

0 0003 

0-02087 

0-000877 

0*010816 

0*001166 

0*02086 

0-2784 

0000377 

0-2664 

0-0003 

0-01708 

0-000285 

0*016000 

0-000600 

0-01707 

16 

17 

10 

19 

0*2664 

0-000285 

0-2423 

0-0002 

0-01419 

0*000217 

0*018620 

0*000426 

0*01416 

0-2423 

0-000217 

0-2308 

0-0002 

0-01202 

0-000172 

0*011670 

0*000242 

0*01202 

0-2808 

0-000172 

0-2157 

0-0002 

0-01667 

0- 000841 

0*016640 

0*000700 

0-01669 

0-2137 

0-000841 

0-1068 

0 0002 

0-01864 

0-000468 

0- 017060 

0*001022 

0*01863 

0-1063 

0-000468 

0 1733 

0-0001 

0-02236 

0-000716 

0*010766 

0*001862 

0*02236 

20 










21 

0-1783 

0-000716 

0-1602 

0-0001 

0-01672 

0-000432 

0*014420 

0*000671 

0*01672 

0-1602 

0-000482 

0 1406 

0 0001 

0-01807 

0-000616 

0 016016 

o-ooi We 

0-01808 

22 












CHARACTERISTICS OF A KADENACY ENGINE. 


TABLE III. 


]. 

2. 

3. 

4. 

r p 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 











Mean 



Angle 

after 

KO. 

Propor- 

tionate 

Volume. 

Mean 

Effec- 

tive 

Area 

during 

Degree. 

Indi- 

cated 

Pres- 

sure 

In 

Cylin- 

der. 

Temper- 

ature 

In 

Cylin- 
der. T. 

Mam 

in 

Cylin- 
der, W . 

Mat* 

leaving 

Cylin- 

der, 

Wi-W 2 . 

Mam 

leaving 

Cylin- 

der. 

De natty 
under 
Cylin- 
der 

Condi- 

tion*. 

Mean 

Velocity 

through 

Port. 

Vertical 

Velocity 

of 

Mud 

Centre 

In 

X"‘ 

Momen- 

tum 

leaving 

Cylin- 

der 

per deg. 

Momen- 

tum 

In 

Cylin- 

der. 




Lb. per 



Per deg. 





Lb.-ft. 

Lb. -a. 

T**. 

EO-10. 

Rq. ft. 

*q. In. 

Deg. C. 

am. 

Lb. y 

lb. y 

Lb. per 

Lb. per 

Ft, per 

Ft. per 


y 10-*. 

abt. 

10.-* 

10- 4 . 

aec. 

cub. ft. 

•ee. 

■ec. 

per »ec. 

per aec. 

0 

10 

0*2*5 

74-7 

1,300 

0*1849 

0*124 

0-0954 

0*0898 

3,758 

14*97 

0-0466 

0-0276 

1 

1008 

73 0 

1,289 

0*18366 

0*200 

0-1539 

0*0885 

1,833 

24*75 

0-0383 

0-0451 

0*957 

o 

1 -015 

71 2 

1,280 

0*18166 

0*238 

0-1831 

0-0869 

1,279 

20-8 

0-0304 

0-0538 

1*665 

3 

1023 

69-2 

1,271 

0*17928 



0-0850 




0-0019 


2 285 


0*272 

0-209 


1,089 

34-8 

0-0296 

4 

1*031 

2*931 

67-1 

1,261 

0-17656 

0*352 

0-271 

0-0831 

1,128 

48*2 

0 0397 

0-0808 

5 

. 1038 

64-7 

1,250 

i 

0*17304 

0*425 

0-327 

0*0808 

1,167 

57-6 

0-0495 

0*0985 

3-533 

6 

1-048 

61 9 

1,236 

0*16879 

0*447 

0-344 

0‘078l 

1,093 

62*5 

0*0490 

0*1040 

4*09 

7 

1 *054 

50* 1 

1,221 

0*16432 



0*0756 




0 1218 


4-74 


0*519 

0-399 


1,1 3R 

76*4 

0*0590 

8 

1-082 

5 • 38 

58-0 

1,203 

0*15913 

0*594 

0-457 

0-0727 

1,194 

89*9 

0 0709 

0-1403 

9 

1 *089 

52-7 

1,184 

0-15319 



0*0697 




0-1062 

10 1 

6-03 

48-9 

0-14619 

0*700 

0-539 

0*0659 

1,319 

111*1 

0*0923 

1*077 

1,15ft 

0-1807 

6-72 ; 



0*778 

0-599 


1,393 

131*0 

0*1083 

11 

1-084 

44 • ft 

1,132 

0-13841 



0*0619 




0*1610 

7-28 

41-6 

0-13173 

0*668 

0-514 

0*0586 

1,171 

1191 

0*0782 

0*0727 

12 

1*091 

1,110 

0-1570 

7-84 

33 ■ 5 

0-12523 

0*650 

0-500 

0*0554 

1,119 

122*8 

13 

1-098 

1,087 


0*1568 

8-49 



0*641 

0*494 


1,082 

128-6 

0*0695 

14 

1-104 

35-6 

1,065 

0-11882 



0*0522 




0*1332 

9 05 

33-2 

0-11340 

0 542 

0*417 

0*0496 

906 

114*7 

0*0491 

15 

1-110 

1,046 

0-1140 

ft 51 



0*461 

0*355 


771 

102*7 

0 0358 


1-110 

31-2 

1,031 

0-10879 

0*398 

0*306 

0*0472 

662 

92*4 

0-0264 

0*0986 

9 08 

17 

1-122 

2ft 5 

1.018 

0-10481 

0*548 

0*421 

0*0454 

912 

134*0 

0*0500 

0*1869 

10-50 

18 

1-129 

27-2 

9ft5 

0-09933 

0*618 

0-475 

0*0427 

1,050 

175-7 

0-0649 

0*1690 

10-96 

1ft 

1*136 

24-7 

970 

009315 

0-743 

0-571 

0*0398 

1,315 

209-8 

0-0957 

0-1873 

11-40 

20 

1-142 

21-8 

936 

0-08572 



0*0384 





11-79 

19*8 

Oil 

0-08018 

0-554 

0 426 

0*0340 

1,028 

169-3 

0*0569 

0-1403 

21 

1-148 

12 09 




0-638 

0*491 


1,247 

210-6 

0-0795 

0*1622 

22 

1-154 

17*6 

880 

0-07380 



0*0311 






TABLE IV. 


Angle 

after 

1. 

+ II- 

- III. 

-(VII + 
VIII). 

- Left 
Hand 

IV. 

+ V. 

+ VI. 

- Right 
Hand 

EO. 



Side. 




Side. 

Deg- 




(Expressed 1 

n Centigrade I 

leat Units.) 




0 

1 

0-5197 

0 

0-5119 

0*001215 

0*00658 

Negl. 

0-004579 

0*001902 

0-00054 

0*5119 

Negl. 

0-5028 

0*00103 

0*00807 

0-000017 

0-007328 

0*000747 

0*00809 

2 

0*5028 

0-000017 

0*4926 

0*0011 

0-00912 

0*000024 

0-008660 

0*000430 

0*00911 

3 

0*4920 

0*000024 

0-4813 

0*0011 

0*01022 

0*000032 

0*009825 

0-000358 

0*01022 

4 

0*4813 

0*000032 

0*4673 

0-0009 

0-01313 

0*000050 

0*01201 

0*000496 

0*01316 


0*4073 

0 • 000056 

0-4506 

0*0010 

0-01670 

0 * 000085 

0*01606 

0*000640 

001578 

6 

0*4506 

0 000085 

0-4334 

0-0009 

0-01038 

0 • 000098 

001500 

0*000594 

0-01035 

1 

0-4334 

0 - 000098 

0*4138 

0-0009 

0*01880 

0*000139 

0*01796 

0*000742 

0-01883 


0*4138 

()*00()L3ft 

0*3919 

0-0007 

0-02134 

0*000191 

0 • 02022 

0*000952 

0*02130 

9 

0-3919 

0*000191 

0*3664 

i 0*0007 

0-02499 

0*000282 

0*02339 

0-001350 

0-02502 

10 










11 

12 

13 

14 
16 
16 

17 

18 

0*3604 

0*000282 

0-3380 

0*0006 

0*02748 

0*000373 

0*02543 

0*001078 

0*02748 

0 3386 

0*000373 

0-3158 

0*0005 

0*02267 

0*000292 

0*02130 

0*001020 

0*02267 

0*3158 

0*000292 

0*2942 

0-0003 

0*02159 

0*000296 

0*02037 

0-000900 

0*02157 

0*2942 

0 ■ 000296 

0-2734 

0-0003 

0 ■ 02080 

0*000306 

0-01908 

0*000835 

0-02082 

0*2734 

0 - 000306 

0*2504 

0-0003 

0*01701 

0*000232 

0*01031 

0*000494 

0-01704 

0*2564 

0 000232 

0-2423 

0*0002 

0-01413 

0*000177 

0*01366 

0*000304 

0*01414 

0*2428 

0-000177 

0-2303 

0*0002 

0-01198 

0*000138 

0-01102 

0*000194 

0*01195 

0-2303 

0000138 

0-2137 

0*0002 

0-01054 

0*000280 

0*01672 

0*000509 

0*01051 

0*2187 

0*000280 

0*1953 

0*0002 

0-01848 

0-000384 

0*01732 

0*000702 

0*01847 

19 

0*1953 

0*000384 

0*1733 

0*0001 

0 02228 

0-000611 

0*02025 

0-001430 

0*02220 

20 










21 

0*1733 

0*000611 

0*1682 

0*0001 

0-01501 

0*000307 

001401 

0-000649 

0*01563 

0-1682 

0- 000367 

0*1406 

0*0001 

0-01797 

0*000535 

0*01632 

0-001112 

0*01797 

2° 












CHARACTERISTICS OF A KADENACY ENGINE. 
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Figure 12. -Schematic Drawing or Penn State Rotary Valvt Low 
Pressure Indicator. 
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the kadenacy effect. 

By P. H. Schweitzer, C. W. Van Overbeke 
and L. Manson. 

Thf- Kadenacy system of scavenging is best known 
la application, to a bloworleas two-stroke engine. 
The inertia of the exhaust gases is ulilisod to pro- 
duce a depression or pattial vacuum in the cylinder, 
and the fresh charge is introduced by the auction 
thus created. The Kadenacy system; however, 
apparently embraces more than thiB. In his nume- 
rous patents, Kadenacy claims that the burnt gases 
discharge from the cylinder substantially “ as a 
mass in an interval of time shorter than that re- 
euired for the burnt gases to expand down to the 
ambient atmospheric pressure by adiabatio flow',” 
and the depression so preated is utilised for intro- 
ducing the fresh charge through an inlet which is 
opened while the issuance of the burnt gases is in 
full progress. Tests reported by P. W. Petter,* by 
S. J. Da vies, f and others}: show astonishing results 
and seem to indicate that a new prinoiple is involved 
which is responsible for the unusual effect. The 
most remarkable aspect of the published results is 
that the effect persists over a wide speed range — 
800 r.p.m. to 1,700 r.p.m. in case of 'a converted 
Junkers opposed -piston engine — and over greatly 
varying exhaust-pipe lengths. 





( VanJr Ang le . . -Deg . 

(fl3 36 * ) -INCINI.'CBIS.;" 


* The Engineer, vol. 158, page 157 (1934). 
t Engineering, vol. 143, page 885 (1937). 

♦ Gas and Oil Power, November, 1939. 


The mechanics of the Kadenacy principle were 
investigated by S. J. Davies with a free-moving 
piston in a cylinder. He compressed a mixture of 
air and petrol vapour with a hand crank and - ignited 
it with a sparking plug. The gas pressure drove 
the piston downward until it uncovered a slot 
through which the burnt gases discharged into the 
atmosphere. This sudden discharge caused so 
great a depression in the cylinder that the free 
piston rose and came to rest at about two-thirds 
of its upward travel. With photo-electric apparatus, 
Davies recorded the piston travel and showed that 
the entire process was completed in a very short 
time. With a oylinder of 2-4 in- bore and 2-2 in. 
effective stroke, the exhaust process lasted only 
3 2 milliseconds, and the residual depression was 
17 in. of mercury absolute. Experiments with 
various lengths of exhaust pipes showed that the 
resulting depression and the time during which the 
exhaust slot remained uncovered were largely 
unaffected by the exhaust pipe ; for instance, when 
the exhaust-pipe length was changed from 7-5 in. 
to 53 in. the duration of the exhaust period changed 
only about 6 per cent. The gas flow in the exhaust 
pipe was shown by high-speed photography of a 
light-weight “ cursor ” in a glass exhaust pipe. 
This revealed a very rapid back-and-forth move- 
ment of the gas column. 

A Junkers opposed-piston engine of 2-56 in. bore 
and 8-27 in. stroke' was converted to the Kadenacy 
system, and pressure records taken at 650 r.p.m. 
from the inlet and exhaust ducts by a cathode-ray 
indicator gave the results shown in Fig. 1 by curves a 
and b, respectively. It will be seen that the pres- 
sure changes are transmitted from the exhaust ducts 
to the intake ducts without appreciable delay. 
The instants of opening and closing of the exhaust 
are shown by points p and q on ourve b, while the 
corresponding points for the inlet are s and t on 
curve a. Tests at 800 r.p.m. with pipes a, b and c 
of the lengths and diameters indioated in Fig. 2 
gave the curves bearing the corresponding letters. 
It can be seen that the point of maximum depres- 
sion ia retarded when the exhaust -pipe length id 
increased. Points p and t on the base line indicate 
the o|>oniiig of the exhaust and inlet, respectively. 

Conversion of the Junkers engine to the Kadenacy 
system resulted in a substantial increase of power. 
Test results published in November, 1939, in 
Oas and Oil Power are reproduced as curves in Fig. 
3, page 242, in which the b.m.e.p. before and after 



conversion is Bhown by curves a and b. Correspond- 
ing brake horse-power values arc shown in curves c 
and d. The maximum power was raised from about 
11 h.p. to 25 h.p., an increase of 130 per cent. 
This is claimed to have been obtained without any 
alteration to the combustion chamber or fuel- 
injection equipment, solely by changing the cha- 
racteristics of the inlet and exhaust ports and 
passages, in accordance with the Kadenacy patents. 
The scavenge pump was rendered inoperative, and 
the inlet ports, which were still controlled by the 
upper piston, were arranged so that they communi- 
cated directly with the atmosphere. With the 
Kadenacy system fitted, it is claimed, it was possible 
to run the engine to a much higher speed than the 
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Kadenacy system had blowers, others had none. 
When a blower was used, the scavenge-air pressure 
was considerably less than for a normal engine and 
it decreased when the load increased. In the 
original engine, the scavenging pressure increased 
with the load. The difference is explained by the 
fact that, with the Kadenacy system, as the load 
becomes greater the energy in the exhaust also 
becomes greater and with it the Buction effect in 
the cylinder, thus reducing the resistance to the 
delivery of air from the blower. Converted engines 
consistently showed appreciable power increase 
with lower specific fuel consumption and lower 
exhaust temperatures. One test series carried out 
with different lengths of tail pipe (from 0 to 150 ft.) 
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ment has been built at the Pennsylvania State 
College. It consists of the steel cylinder a, Fig. 5, 
page 242, closed by a lid b locked with a quick 
acting latch c. This lid is forced open by the initial 
cylinder pressure, when the latch is released. 
Orifices, such as o, of different diameters, or nozzles, 
were fixed at the lid end of the cylinder. A pick-up, 
for determining the lowest pressure reached in the 
cylinder during the exhaust, was fixed at the closed 
end of the cylinder. This pick-up consists of a 
brass diaphragm d y in. in diameter and 0*025 in. 
thick, exposed to the cylinder pressure on one side 
and to an adjustable depression in the space e on the 
other side. The diaphragm opens an electric contact 
when the pressure in the cylinder a drops below' the 
adjusted depression in e ; the contact is inserted 

in a 6-volt circuit in series with a transformer 
coil /. A neon lamp g is placed in series with the 
secondary winding h of the transformer ; this gives 
a flash when the primary circuit opens. 

The depressions have been measured for different 
orifice diameters and different initial tank pressures. 
The results are showm in Fig. 6, page 242, wfiere the 
maximum depression after the gases have rushed out 
of the cylinder are plotted against the cylinder gauge- 
pressure before the cylinder was opened. Curves 
a y 6, c, d, and e correspond to the use of a thin-plate 
orifice of 2 in., 3 in., 4 in., 5 in. and 6 in. diameter, 
respectively. With the 6-in. orifice there w r as, in 
effect, no plate, as the cylinder w'as wide open. 
Curve / corresponds to the use of a convergent- 
divergent nozzle, in. in length, with a throat 
diameter of 2 in. The opening on the pressure side 
was 4| in. and convergence took place for 2 in. 
Over the remaining 1 in. the nozzle diverged 
uniformly, its sides making an angle of 15 deg. 
with the nozzle axis. The convergence to the throat 
was smooth and rounded. The experiments show 
that the depression is great enough to account for 
the results on two-stroke Diesel engines applying 
Kadenacy's patents. 

Various explanations of the Kadenacy effect have 
been published. None of them gives as close a 
concordance with our experimental results as 
Geyer’s theory, which was published in Engi- 
neering, vol. 151, page 463 (1941). Geyer assumes 
that the potential energy of the compressed air 
contained in a cylinder of volume V is transformed 
into kinetic energy and into work against atmo- 
spheric pressure. At the instant when the pressure 
in the cylinder drops to that of the atmosphere, 
the kinetic energy of the air still contained in the 
cylinder will perform wmrk against tin* atmospheric 



Even when the pressures in tin* vessel have 
become equal to the atmospheric pressures further 
expansion is possible, due to the velocity of the 
gases contained in the vessel and in the nozzle. 

Assume a nozzle to be interposed between the 
cylinder and the outside atmosphere, and let m V 
represent the volume contained in the nozzle ; then 
the work which can be done against the atmospheric 
pressure p 0 is : — 


1 u \ „ . u* u* / 1 A V r 
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If Vj is the volume of gases expanded beyond the 
orifice, the work is : — 


1 2 A 3 


• (2) 


Assuming tlie expansion is adiabatic, 

p, (V + m V)* = p (V + Wi-V + V,)* 

Po 

, - f— vr-y • 


[* + V(1 + „,)] 


“« X * 


2g RT, 


(X - X k ) - (X* - 1) 


o* (X* - 1). 


so that, equation (2), namely : — 


«? / 1 


^ Po ^ ^ 


* v '“gU + ‘ , ")ire| x ' 

may be written 

whence the resulting pressure in the cylinder is 

® = - ^ -* • • 0) 




1 4- m 



1 2 3 4 5 6 7 

( a 535 - l ) OuanberPressure in Atmospheres ■^ SO j NEElaN a' 


This theory, when applied to the apparatus 
shown in Pig. f>, gives the depression values p 0 — p 
shown in Fig. 7, where, as in Fig. 6, a, b, c, d, e 
and / are curves for 2 in., 3 in., 4 in., 5 in., G in. 
orifices, and a 2-in. nozzle, respectively. Comparison 
between theoretical and experimental results is 
made in Figs. 8 to 13. In these, the curves are 



Chamber' Pressure in Atmospheres 

(&53S m ) 


designated by the same letters are are used in Figs. 
6 and 7, and distinction between them is facilitated 
by drawing the theoretical results in dotted lines. 
It is seen that, for a fully open end, the calculated 
depressions agree with the observed values, but for 
small orifices the observed depressions are much 
greater than those calculated. The neglected 
density change may account for this. 

Geyer's theory may be used for calculating the 
discharge velocities of the air from the vessel. The 
velocity of the air outflow u 2 is calculated from 
equation (1) with the relation and the 

results are given in Fig. 14 by the curves against 
which is written a = 1, applying to the open 
cylinder, and a = oc , applying to zero orifice area. 
The sound velocities calculated by the formula 

V == -y/32-2 k R T are also indicated as short hori- 
zontal lines, for various values of Tj and taking k 
as 1*4. The values of T have been reduced to 
deg. F. and written against the appropriate sound 
velocities. 

For each value of the pressure ratio X the velocity 
u t is between the value calculated for an entirely 
open tank (a = 1) and the limit when a tends to 
infinity. These two curves lie close enough together 
to permit of estimating the outflow velocity for any 
initial cylinder pressure, independently of the 
exhaust port area. It will be noted that foj X = 5, 
this velocity happens to equal that of the sound in 
the compressed gas. X = 5 and 14*5 lb. j>er 
square inch ambient pressure corresponds to a 





cylinder pressure of 72 lb. per square inch, which, 
incidentally, about represents the normal conditions 
in an engine when the exhaust port opens. The 
outflow velocities do not seem to differ much from 
the sound velocities. 

In conclusion, it may be stated that the agree- 
ment between Geyer’s theory and our experimental 




results is good in the case of large exhaust-orifice 
areas, but poor when the restriction is considerable. 
Some of Geyer’s assumptions are not justified, and 
more realistic .assumptions would, no doubt, change 
the results to some degree.- Nevertheless, his theory 


gives a simple and apparently correct picture of the 
process by applying only the reasoning of classical 
fluid mechanics. Though Geyer makes no use of 
the sound-velocity formula, the velocities calcu- 
lated by his theory agree closely with the sound 
velocities which obtain under normal engine condi- 
tions. 

The Kadenaey effect is sometimes described as an 
, implosion 1 lint billows an explosion, by which 
it is meant that a sodden release of pressure from 
a closed vessel through a large opening is followed 
by a depression which causes the flow to reverse. 
Both experiments and theory confirm this hypothesis 
and there is no reason why it should not be accepted 
as a law of nature. Whether or not the existence of 
this phenomenon was suspected before, it is due to 
the genius of Kadenaey that this effect has been 
utilised for charging two-stroke cycle engines. 

A statement that recurs in most Kadenaey patents 
is that the burnt gases discharge through the 
exhaust ports at a speed much in excess of the 
speed of adiabatic expansion. Patent No. 2,123,569 
(United States) gives the “ speed of adiabatic 
expansion ” as 350 m. to 450 m. per second, and 
gives the “ ballistic speed ” of exhaust due to the 
“ ballistic force ” as 1,400 m. to 1,800 -m. per 
second, that is, about four times as high. The 
velocity of sound in a diatomic gas of a temperature 
about equal to that of the exhaust gases is, as a 
matter of fact, 350 m. to 450 m. per second. In a 
straight or convergent orifice this is also the upper 
limit for the discharge velocity of the gas. 

The authors were unable to find out where figures 
of 1,400 m. to 1,800 m. per second had been 
obtained, but Kadenaey uses these figures in porting 
design and obtains good results. This may be an 
indirect proof that his figures are correct. Let us 
examine the evidence. 

Kadenaey reasons that, since the pressure in 

the cylinder when the exhaust port opens is. about 
5 atmospheres, four volumes of exhaust gases iiave 
to be discharged to bring the pressure down to 
atmospheric during the blow-down period. It takes 
as much time, he states, to discharge four cylinder- 
volumes of gas at 1,800 m. per second velocity as 
one volume of gas at £ x 1,800 = 450 m. 'per 
second velocity. Therefore, he envisages tho “ hypo- 
thetical velocity ” of 450 m. per second and designs 
his exhaust ports in such , a manner that the gas 
column which projects through the exhaust port 
during the exhaust lead period with the hypothetical 
velocity of 450 m. per second is just equal to one 
cylinder volume. If V denotes this volume in 
cubic metres, A m the mean uncovered exhaust 
port area during the exhaust lead (blow-down 
period) in square metres, and L the length of the 
hypothetical gas column in metres, then : — 
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V = A m L . . (5) 

The hypothetical velocity, which is 450 m. per 
second, is given by : — 

Va=j . . . (6) 

where the blow-down period in seconds is : — 


t = 


a 

6n 


(7) 


Here a is the exhaust lead in degrees, and n is the 
engine speed in revolutions per minute. 

From (5), (6) and (7).: — 

a 


V = A m V A 


6n 


( 8 ) 


Putting Y h = 450, and re-arranging, we get : — 

A "“ = v ” Jo = 7? • • (9) 

This is Kadenacy’s reasoning and the resulting 
formula is identical with that of Kadenacy’s U.S. 
Patent No. 2,144,065, except that different symbols 
are used. From this, the proper exhaust lead can 
be calculated. By converting the metric units 
used in Kadenacy’s formula (9) to square inches, 
we get : — 

A m oc = ^ = 0 00034 Vn. . (10) 

This is still Kadenacy’s formula, but in a slightly 
changed form. On the other hand, Schweitzer’s 
formula ( Diesel Power and Diesel Transportation, 
October, 1942, page 818), Ref. 6 gives : — 

A m a = 0-00033 V d n . . (11) 

where V ( , is the displacement volume. Ignoring 
the difference between V and V, ; , formula (11) is 
seem to differ by only 3 per cent, from formula (10). 

Formula (10) is a consequence of the Kadenacy 
theory, but formula (11) was derived independently 
of the Kadenacy theory, before the writer knew 
of the latter’s existence. The Kadenacy theory 
supposes the existence of “ ballistic velocities ” 
which are about four times higher than those 


5 atm. to 1 atm. one may use a hypothetical velocity 
of 1,800 4 = 450 m. per second to one cylinder 

volume and get the same results. We believe t his 
to be a mistake. One cylinder volume should be 
oonsidered, and not four, even if the pressure in 
the cylinder is 5 atm. 

A rough reasoning should suffice to make this 
clear. Let us consider two cases. In the first case, 
the density of the gas does not vary during the dis- 
charge. Before, in, and after the exhaust orifice the 
density is the same. In this case (which is analogous 
to the discharge of water) if the cylinder volume V 
contains gas at 5 atm. pressure and that is discharged 
through an orifice A with 450 m. per second discharge 
V 

velocity, and A = ^ , then at the end of one second 

all of the gas will be discharged and not only one- 

fifth of it. It makes no difference whether the 
pressure in the cylinder was 6, 4, 3„2 or 1 atm. In 
every case 450 m. per sec. discharge velocity is 
required to evacuate the cylinder in one second. 
The assumption of a ballistic velocity of 1,800 m. 
per second is unjustified. 

Let us next consider the change in gas density. 

The discharge velocity refers to the throat of the 

orifice and the specific weight to be considered ifiAhe 

one existing in the throat. 

Calculation by conventional thermodyt§Splic8 

shows that the specific weight in the is 

approximately 0-78 kg. j>or cubic metre at the 

beginning of the blow-down, and drops gradually to 

approximately 0-4 kg. per cubic metre at the end. 

Assuming a constant discharge velocity of 450 m. 

per second and a constant exhaust orifice of A sq. m., 

during the t seconds of the blow-down period we 

shall discharge, on the average, 

0 • 78 + 0-4 A . , . 

— X A kg. of nir per second. 


450 X 


2 


If, conforming to Kadency, we make A 


V 

450’ 


obtained from adiabatic expansion. Formula (11) 
was derived by conventional thermodynamics, and 
the discharge velocities used were substantially the 
same as sound velocities, modified by discharge 
coefficients obtained by the Nusselt theory. Thus 
the two theories give practically identical results. 

We believe Kadenacy’s reasoning to be fallacious 
and in the following we try to show the error in it : — 
Kadenacy states (Patent No. 2,123,569, page 4, 
lines 33-62) that instead of applying the true ballistic 
velocity, 1,800 m. per second, to four cylinder- 
volumes of gases to bring down the pressure from 


where V is the total cylinder volume, the amount 
discharged will be 

I) 0-59 V kg. per second. 

while the amount that has to be discharged to 
reduce the pressure from 5 atm. to 1 atm. is 

Dj = y. nt = 0-8 V 0-73 = 0-585 V kg. 

It is seen that D is approximately equal to D : 
which means that the exhaust can be disposed of 
in the required time at sound velocity and that 
no supersonic or ballistic velocity is required. We 



conclude that, while the value of Kadenacy’a 
hypothetical velocity is correct and should give good 
results if applied to porting design, it in no way 
supports the existence of ballistic velocities in excess 
of sound velocities. 

In trying to summarise our rather superficial 
investigation on the Kadenacy effect, we submit the 
following conclusions : 

(1) The astonishing performance claimed by 
Kadenacy engines should not be rejected as incre- 
dible, as the effect is based on a demonstrable 
physical phenomenon, namely, the rarefaction that 
follows the sudden discharge of compressed gas from 
a closed vessel. 

(2) The Kadenacy effect is not due solely to the 
inertia of the. gas column in the exhaust pipe, as 
10 in. Hg. depression was observed by us in a vessel 
without any exhaust pipe, and reported results 
show good performance in engines with varying 
lengths of exhaust pipes. 

(3) The Kadenacy effect vanishes if the discharge 
opening becomes relatively small. One inference is 
that full advantage cannot be taken of the Kadenacy 
effect because exhaust ports or valves cannot be 
opened fast enough. 

(4) Geyer’s theory seems to give a fair picture of 
the mechanics of the Kadenacy effect, and excellent 
numerical agreement in case of large discharge 
openings. 

(5) Nothing in our observations supports Kade- 
nacy’s contention that velocities in excess of sound 
velocities are involved in the exhaust process. Con- 
ventional thermodynamics based on simple adiabatic 
expansion gave formula practically identical with 
those recommended by Kadenacy, and Geyer’s 
theory applied to our experiments also indicated 
discharge velocities of the order of sound velocities 
and no higher. 
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Taking the Mystery Out of the Kadenacy 
System of Scavenging Diesel Engines 


By P. H. SCHWEITZER ,* C. W. VAN OVERBEKE,* and L. MANSON 8 



Fm. 1 Horsepower and Brake Mean Effective Pressure of Junkers Op- 
posed-Piston Engine Before and After Conversion to Kadenacy System 


The “Kadenacy effect” of the Diesel-e*- 
gine exhaust is utilized to create a vacuum 
in the cylinder for introducing the fresh 
charge. The result of the application of 
this system is exemplified in tests in 1939, 
of a converted Junkers opposed -piston en- 
gine in which the power was raised from 
11 to 25 hp, or an increase of 130 per cerlt. 

This was accomplished solely by changing 
the characteristics of the inlet and ex- 
haust ports and passages in accordance 
with the Kadenacy patents. However, 
the theory expounded by the inventor has 
been subject to question, as the authors 
explain, and while the results are entirely 
matters of record, the phenomenon can 
he accounted for by conventional ther- 
modynamics based upon simple adiabatic 
expansion. This fact the authors have 
demonstrated by experiment. The for- 
mulas derived check closely with those of 
Kadenacy but they are based upon a more 
rational approach to the problem than 
Kadenacy's contention that supersonic 
velocities are involved in the exhaust proc- 
ess. 

URING the last few years the Ka- 
denacy system of scavenging Diesel 
engines has attracted some attention in 
this country and more abroad. That system is 
best known in the form of a blowerless two-strokc-cyclo engine. 
The “Kadenacy' effect” of the exhaust is utilized to create a vac- 
uum in the cylinder for introducing the fresh charge. That by 
itself would not be remarkable if we were to attribute the effect 
to a tuned exhaust pipe. The Kadenacy system, however, em- 
braces more than that. In numerous patents (l)*an ever-recurring 
sentence is that “at least a substantial portion of the burnt gases 
leaves the cylinder at a speed much higher than that obtaining 
when a flow resulting from an adiabatic expansion only is in- 
volved, and in such a short interval of time that it is discharged as 
a mass, leaving a depression behind it which is utilized in intro- 
ducing a fresh charge into the cylinder, etc.” This has been 
quoted from U. S. Patent 2,168,528. Kadenacy’s other patents 
include various versions of the same statement and explain that 
mass means a “coherent mass” (Patent No. 2,123,569), “having 
properties similar to those of a resilient body” (Patent No. 
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State College, Pa. Mem. A.S.M.E, 

* Ex-Cell-O Corporation. Detroit, Mich. 

* DeLaval Steam Turbine Company, Trenton, N. J. 
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The American Society cr Mechanical Engineers. 
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2,102,559), and that the “ballistic” speeds involved in the 
evacuation are about 4 times higher than “the speed of adiabatic 
expansion,” leaving behind them “a high depression which may 
reflch a complete vacuum” (Patent No. 2,131,957). 

The foregoing notions are so unorthodox that many engineers 
ignored and even ridiculed them. But it is not wise to ignore 
test results and Kadenacy has astonishing results to his credit. 

The first commercial blowerless Kadenacy engine was built by 
Better (2), and the same company is still building Kadenacy-type 
engines of an improved design (3); however, with a blower 
attached. 

According to tests (4), described in 1939, the conversion of a 
Junkers opposed-piston engine resulted in a substantial increase 
of power. Some test results are reproduced in Fig. 1. The 
maximum power was raised from about 11 to 25 hp, an increase of 
130 per cent. This is claimed to have been obtained without any 
alteration to the combustion chamber or fuel-injection equipment, 
solely by changing the characteristics of the inlet and exhaust 
ports and passages, in accordance with the Kadenacy patents. 
The scavenge pump was rendered inoperative and the inlet ports, 
which were still controlled by the upper piston, were arranged so 
that they communicated directly with the atmosphere. With 
the Kadenacy system fitted to the engine it was possible to 
run the engine to a much higher sj>eed without any ill effects, it is 
claimed. The pistons remained in a cooler condition, the maxi- 
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similar results, although not quite as speotacular 
as those shown in Fig. 1. Some engines fitted with 
the Kadenacy system had blowers and others had 
none. When a blower was used the scavenge-air 
pressure was considerably less, and significantly 
it decreased when the load increased. In the 
original engine the scavenging pressure increased 
with the load. The difference is explained by the 
fact that with the Kadenacy system as the load be- 
comes greater the energy in the exhaust also becomes 
greater and with it the suction effect in the cylin- 
der, thus reducing the resistance to the delivery of 
the air from the blower. Converted engines con- 
sistently showod appreciable power increase with 
lower specific fuel consumption and lower exhaust 
temperatures. 

The mechanics of the Kadenaoy principle were 
investigated by Davies (6) with a free-moving piston 
Fig. 2 Cylinder Pressures in the Junker*- Kadenacy Opposed- in a cylinder. He compressed a mixture of air and 

Piston Enoine gasoline vapor with a hand crank and ignited it 

with a spark plug. The gas pressure sent the pis- 
ton downward until it unoovered a slot through which the 
burnt gases discharged into the atmosphere. This sudden dis- 
charge caused so great a depression in the cylinder that the fret) 
piston rose in the cylinder and came to rest at about two thirds of 
its upward travel. With photoelectric apparatus, Davies re- 
corded the piston travel and showed that the entire process was 
completed in a very short time. With a cylinder of 2.4 in. bore 
and 2.2 in. effective stroke the exhaust process lasted only 3.2 
milliseconds and the residual depression was 17 in. Hg abs. Ex- 
periments with various lengths of exhaust pipes showed that the 
resulting depression and the time during which the exhaust slot 
remained uncovered were largely unaffected by the exhaust pipe. 
For instance, when the exhaust-pipe length was changed from 7.5 
to 53 in., the duration of the exhaust period changed only about 
6 per cent. The gas flow in the exhaust pipe was shown by high- 
speed photography of a lightweight “cursor’ 1 in a glass exhaust 
Argrca Croat ayk pipe. This revealed a very rapid back-and-forth movement of 

Fiq. 3 Pressure Fluctuations in Exhaust Duct-Line A — and ^ ie K as column. 

Inlet Duct — Line B — of a Junjucrs-Kadenacy Engine; 650 Rpm While the results obtained with the Kadenacy system are fully 

discussed in the literature, the constructional details are not dis- 
mum pressures were lower and the specific fuel consumption also closed. One or more of the expedients shown in the patent draw- 
was lower. ings such as tapered exhaust pipes and reflection-wave stoppers 

Fig. 2 shows the cylinder pressures in the Kadenacy-Junkers might have been employed to obtain the excellent results but 
engine operating without scavenging air pump. It is notable apparently no particular importance is attached to them, 
that a depression over 1 psi below atmospheric occurred in the In view of these reports, the authors felt a necessity to de- 
cylinder 50 deg after the exhaust ports had 




opened. 

Fig. 3 shows the pressures in the intake 
and exhaust ducts of the converted Junkers 
engine from which it is seen that pressure 
changes are transmitted from the exhaust 
ducts to the intake ducts without apprecia- 
ble delay. Tests at 800 rpm with various 
lengths of exhaust pipes gave Fig. 4 which 
shows that the Kadenacy effect does not de- 
pend upon a particular pipe length, only the 
time of maximum depression was retarded 
when the exhaust-pipe length was increased. 

We have dwelt on this Kadenacy-Junkers 
engine because part of the teats reported 
were made by such an unquestioned author- 
ity as Prof. S. J. Davies of London, England. 

Conversions of other two-stroke engines 
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Fiq. 4 Pressures in Exhaust Pipe of Junkera-Kad enact Engine With Various 
Lengths or Exhaust Pipes; 800 Rpm 
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termine in a conclusive manner whether the so-called Kadenacy 
effect really exists, aside from the pipe effect the nature of which 
is fairly well known (6). 

Investigation of the Kadenacy Effect 

Kadenacy claims that upon opening the exhaust port the gas 
leaving the cylinder with a very high (supersonic) velocity will 
evacuate it, leaving a partial or complete void behind, irrespective 
of whether a pipe is attached to the cylinder or not. 

The depression thus created in a cylinder, no matter how short 
in duration, can be measured and no combustion needs to be in- 
volved in the test. 

In order to measure the depression following a sudden gas out- 
flow, a special setup was built at The Pennsylvania State College. 
It consists of a steel cylinder, Fig. 5, closed by a lid locked with a 
quick-acting latch. This lid is forced open by the initial cylinder 
pressure when the latch is released. Oriijces of different di- 
ameters or nozzles were fixed at the lid end of the cylinder. A 
pickup for determining the lowest pressure reached in the cylin- 
der during the exhaust was fixed at the closed end of the 
cylinder. This pickup consists of a brass diaphragm of 2 l /< in. 
diam and 0.025 in. thick, exposed to the cylinder pressure on one 
side, and to an adjustable depression on the other. The dia- 
phragm opens An electric contact when the pressure in the cylinder 
drops below the adjusted depression; the contact is inserted in a 
6-volt circuit in series with a transformer coil. A neon lamp is 
placed in series with the secondary winding of the transformer. 
ThiB gives a flash when the primary circuit opens. 

The depressions have been measured for different orifice di- 





Fio. 5 Vessel With Quicx-Openino Lid to Test Kadenacy 
Effect 
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Fio. 6 Kadenacy Effect; Observed Depressions by 8ot>den 
Pressure Release, Penn State Experiments 

ameters and different initial tank pressures. The results are 
shown in Fig. 6 where the maximum depression after the gases 
have rushed out of the cylinder, are plotted against the cylinder 
gage pressure before the cylinder was opened. With the 6-in. 
orifice there was in effect no plate, as the cylinder was wide 
open. One curve corresponds to the use of a convergent-diver- 
gent nozzle with 2-in. throat diameter and 3 l /rin. length. The 
opening on the pressure side was 4 l /t in. and convergence took 
place for 2 in. Over the remaining l 1 /* in. the nozzle diverged 
uniformly at an angle of 15 deg. 

The experiments show that the depression, although far from 
a complete void, Is great enough to account for the results on two- 
stroke Diesel engines applying Kadenacy's patents. 

Theort of the Kadbnact Effect 

Various explanations of the Kadenacy effect have been pub- 
lished. Giffen (7) calculated the pressure waves generated by 
the sudden evacuation of a cylindrical vessel and obtained de- 
presmons of the order that we have observed. His calculations 
even showed that with an orifice appreciably smaller than the 
cylinder the depression does not increase continuously with the in- 
crease of the initial cylinder pressure but it reaches a maximum 
when the initial cylinder pressure is around 20 psia, and if it ex- 
ceeds that, the depression begins to decrease. This agrees with 
our observations with orifices and nozzles of 3 in. diam or smaller. 

Geyer (8) proposed a rather simple theory of the Kadenacy 
effect. He attributes the evacuation of the cylinder to the 
kinetic energy of the gases still in the cylinder, yet rushing out of 
the cylinder. 

It is not improbable that Geyer got the idea for his theory 
from Kadenacy himself. For instance, in U. 8. Patent No. 
2,123,569, Kadenacy Is using the analogy of a coil spring to 
explain what happens in the cylinder. He visualizes a helical 
spring on a table compressed, with a certain amount of energy 
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stored in it. If the spring is released gradually by allow ing it to 
expand against a resistance, it will return to its free length. 
The work done by the spring will then become stored in the 
resistance. This, he states corrcsjxmda to the release of com- 
pressed gases from a container through an orifice which is qpeimd 
gradually. 

On the other hand, if the spring, after having been compressed 
on the table, is released suddenly by removing the compressing 
means in a short interval of ume, the spring while expanding w ill 
leave the table bodily. The energy stored in the spring imparls 
momentum to tho spring. During its flight through the air 
after it has left the table, oballations will occur in tho spring but 
these oscillations will bear do direct relation with the motion of 
the spring body from the tible. This case corresponds to the 
sudden release of the gas from the cylinder according to Kadenacy . 

Gcyer goes through a somewhat similar reasoning. The po- 
tential energy of the compressed gas is transformed into kinetic 
energy. The gas will leave the cylinder with a velocity that cor- 
responds to this energy. At the time tho pressure inside of the 
cylinder has dropped to atmospheric, the gas in the cylinder still 
has some kinetic energy', which will perform work against the 
atmospheric pressure. Ttus work consists of displacing a certain 
volume of air against ambient pressure. Tho equivalent volume 
of air to replace the volume must come from the cylinder, find so a 
depression is created by the discharge of that amount of air. 

Geyer's simple theory can have no pretension of describing ac- 
curately such a complex phenomenon as the sudden evacuation 
of a cylinder. Yet it not ozly gives a correct mental picture of 
the mechanism of the Kadenacy effect but surprisingly it even 
gives tolerable agreement with observed results. Gcyer has ap- 
plied his calculations to Davies’ experiments (8), and we to the 
Penn State experiments (9), which are shown in Fig. 7. 

In Fig. 8 is reproduced a comparison of the observed and cal- 
culated depressions w r hen the sudden removal of the lid un- 
covered the full cylinder opening. With smaller orifices the ob- 
served depressions are higher than those calculated. 

Ballistic Velocities 

A recurrent statement in most Kadenacy patents is that the 
burnt gases discharge through the exhaust ports at a speed far 
in excess of the speed c: adiabatic expansion. Patent No. 
2,123,569 gives the “speed oi adiabatic expansion” a a 350 to 450 
in per sec, and gives the ‘'ballistic speed” of exhaust due to the 
“ballistic force” as 1400 to 1S00 m per sec, that is about 4 times as 
high. 

The velocity of sound in t diatomic gas of a temperature about 
equal to that of the exhaust gases is as a matter of fact 350 to 450 
m per sec. In a straight or convergent orifice this is also the upper 
limit of discharge velocity or the gas. 

The authors were unable to find out wdiere figures of MOO to 
1800 m per sec had been obtained. But Kadancy uses these 
figures in porting design arc obtains good results. This may be 
an indirect proof that his figures are correct. Let us examine this 
evidence. 

Since the pressure in the cylinder when the exhaust port opens 
is about 5 atm, Kadenacy reasons, 4 volumes of exhaust gases 
have to be discharged to bruig the pressure down to atmospheric 
during the blowdowm period. It takes, he states, as much time to 
discharge 4 cylinder volume of gas at 1800 m per sec velocity as 
one volume of gas at l / 4 X 1800 = 450 m per sec velocity. 
Therefore he envisages the hypothetical velocity” of 450 m per 
sec and designs his exhaust ports in such a manner that the gas 
column which projects throigh the exhaust port during the ex- 
haust-lead period with the hypothetical velocity of 450 m per sec, 
is just equal to 1 cylinder volume. If V denotes this volume in 
cubic meters, A m the mean uncovered exhaust-jKirt area during 
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the exhaust lead (blowdown period) in square meters, and L the 
length of the hyix>tUotical gas column in meters, then 

V ~ A m L [\] 

the hypothetical velocity which is 450 m par sec, is given by 

v k „ = y 12) 

where t is the time of the blowdown period in seconds, and 
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Hero or it* the exhaust lead in degrees and n is the engine speed in 
revolutions per minute. 

From Equations [1], [2], and (3 J 

v = A m n„-- Hi 

on 

Putting V hyp = 450 and rearranging, we get 

6 V n 

~ Vn ~ “ — - m* deg 15] 

450 75 

This in Kadenaey’s reasoning, and the reuniting formula is 
identical with Kodenaey's formula Patent No. 2, Mi ,005 

W a 

100 KA = 300 A r ~ 

except for the different symbols. From this the proper exhaust 
lead can be calculated. By converting the metric units used in 
Kadenacy’s Equation [5] to square inches we get 

(30. 4B Vn 

- 1 -- - kj? jt ' M ” m r " 161 

This js still Kadenacy’s formula in a slightly changed form. On 
the other hand Schweitzer's formula (10) gives 

A m rr ^ 0.00033 V Atmp v (71 

Ignoring the difference between V and F diwp , Equation [7] 
differs only 3 per cent from Equation [6]. 

Equation [6] is a consequence of the Kadonacy theory, but 
Equation [7 1 was derived independently of the Kadenacy theory, 
before we knew of the latter's existence. The Kadenacy 
theory supposes the existence of “ballistic velocities” which arc 
about 4 times higher than those obtained from adiabatic ex- 
pansion, Equation [7] was derived by conventional thermo- 
dynamics, and the discharge velocities vised were substantially 
the same as sound velocities modified by discharge coeffieients ob- 
tained by the Nusselt theory. The two theories give practically 
identical results. 

The circumstance that Kadenacy got correct results from in- 
correct premises casts a doubt on Kadenacv’s reasoning. 

We believe Kadenacy’s reasoning to be fallacious and in the 
following we try to show the error in it. 

Fallacy in Kadenacy Theory 

Kndenfccy states* that instead of applying the true ballistic 
velocity, 1800 m per sec to 4 cylinder volumes of gases to bring 
down the pressure from 5 atm to 1 atm, one may use a hypo- 
thetical velocity of J 800/4 *= 450 m per sec to 1 cylinder volume 
find get the same results. We believe this to be a mistake. 
One cylinder volume should be considered and not 4, even if 
the pressure in the cylinder is 5 atm. 

A rough reasoning should suffice to make this clear. Let us 
consider two cases. In one case the -density of the gas does not 
vary during the discharge. Before, in, and after the exhaust 
orifice, the density is the same. In this case (which is analogous 
to the discharge of water) if the cylinder volume V' contains gas 
at 5 atm pressure and that is discharged through an orifice A 
with 450 m ]>cr sec discharge velocity, and A ~ F/450, then at 
the end of 1 see all of the gas will be discharged and not. l /& of it 
only. It- makes no difference whether the pressure in the 
cylinder was 5, 4, 3, 2, or 1 atm. In every case 450 m per sec 
discharge velocity is Required to evacuate the cylinder in 1 sec. 
The assumption of a ballistic velocity of 1800 m per see is un- 
justified. 

‘ U. 8. Patent No. 2,123,569, p. 4, lines 33 62. 


I>t. us next consider the change in gas density. The discharge 
velocity refers to the throat of the orifice, and the specific weight 
to he considered is the one existing in the throat. 

Calculation by conventional thermodynamics shows that the 
specific weight in the throat is approximately 0.78 kg per cu m in 
the beginning of the blowdown and drops gradually to approxi- 
mately 0.4 kg per cu m at the end. Assuming a constant dis- 
charge velocity of 450 m per see and a constant exhaust orifice of 
Am 2 during the ( sec of the blowdown period, we shall discharge 


450 

2 


A kg of air 


If, conforming to Kadenacy, we make A — F/450, where V is 
t he total cylinder volume, the amount discharged will be 

/) - 0.59 V kg 

while the amount that has to be discharged to drop the pressure 
from 5 atm to 1 atm is 





0.8 V 0.73 - 0.585 V kg 


It is seen that D approximately equate D lf which means the ex- 
haust can he disposed of in the required time period, assuming 
only sound velocity and no supersonic or ballistic velocity is 
required. 

We conclude that while the value of Kadenacy’s hypothetical 
velocity is sound and should give good results if applied to port- 
ing design, it in no way supports the existence of ballistic veloci- 
ties in excess of sound velocities. 

A further confirmation of this conclusion can be found in cal- 
culating from Oeycr’R theory the outflow velocities created by the 
sudden opening of an air-filled vessel. Fig. 9 shows these veloci- 
ties, and for comparison, also the calculated sound velocities for 
various temperatures. For the detailed calculation the reader is 
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Fio. 9 Outflow Velocities Created by Sudden Opening of 
Vessel Filled With Air, From Geyf.r’h Theory 
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referred to (9). An inspection of Fig. 9 reveals that with 5 to 7 
atm ohamber pressure the outflow velocities do not differ much 
from the sound velocities. 

Conclusions 

1 The astonishing performance claimed by Kadenacy engines 
should not be rejected as incredible as the effect is based upon 
a demonstrable physical phenomenon; the rarefaction that 
follows the sudden discharge of compressed gas from a closed 
vessel. 

2 The Kadenacy effect is not due solely to the inertia of the 
gas column in the exhaust pipe, as 10 in. Hg depression was ob- 
served by the authors in a vessel without any exhaust pipe, and 
reported results show good performance in engines with varying 
lengths of exhaust pipes. 

3 The Kadenacy effect vanishes if the discharge opening be- 
oomes relatively small. One inference is that an obstacle of the 
full exploitation of the Kadenacy effect is that exhaust ports or 
valves In engines cannot be opened rapidly enough. 

4 Geyer's theory seems to give a fair picture of the mechanics 
of the Kadenacy effect and excellent numerical agreement in 
case of a large discharge opening. 

5 Nothing in our observations supports Kadenacy's conten- 
tion that velocities in excess of sound velocities are involved in 
the exhaust process. Conventional thermodynamics based upon 
simple adiabatic expansion gave formulas practically identical 
with those recommended by Kadenacy, and Geyer's theory 
applied to our experiments also successfully indicated discharge 
velocities of the order of sound velocities and no higher. 
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Discussion 

Paul DiaEBBNS.* The authors* discussion of the Kadenacy 
effect is particularly timely in view of the development of two- 
cycle engines, sponsored by Mr. Kadenacy, on the part of several 
American manufacturers at this time. 

It would appear that the paper is, in effect, a continuation of 
the extended discussion of the Kadenacy engine which was re- 
ported in the British and the Continental technical press during 
the years 1938 to 1941, inclusive. While the authors make some 
reference to the numerous articles published at that time, it 
might be suggested that a bibliography comprising the more 
important references would constitute a valuable addition to the 
paper. 

The writer finds it of particular interest to compare the ap- 
paratus used by the authors in their experiments, with that em- 
ployed by Prof. 8. J. Davies, of Kings College, University of 
London/ 

It should be noted that in the Davios apparatus provision la 
made to insure the greatest possible speed in establishing com- 
munication between the pressure vessel and the atmosphere. In 
the apparatus used by the authors the speed of opening is limited 
because of the time required to accelerate the communicating 
valve. 

It is evident that the results reported in the paper reflect the 
influence attributable to the speed of opening and therefore the re- 
sults might conceivably be quite different if some other speed 
had been employed. Consequently, conclusion 3, i.e., 4 ‘The 
Kadenacy effect vanishes if the discharge opening becomes rela- 
tively small/* One inference that full advantage cannot be 
taken of the Kadenacy effect because “exhaust ports or valves 
cannot be opened rapidly enough/* cannot be valid except when 
the exhaust-valve acceleration at the time of opening is low or at 
best comparable with that which obtained during the authors' 
experiments. For this reason it would appear that their results 
cannot properly bo used as the basis for any general theory to 
explain the phenomena and should not be quoted as confirming 
such a theory based on pure speculation. 

The authors assert that the hypothetical assumed average 
speed of 450 m per sec is derived from some preconceived 
theory of operation, and quote from various Kadenacy patent 
specifications in support of this assumption. This does not con- 
form to my understanding of the Kadenacy patents. From a 
complete study of all of these it is obvious that the structures 
covered by the patents rest entirely upon experimental data from 
which empiric relationships are established. Obviously, variable 
coefficients must be determined in order to take care of such vari- 
able conditions as, for example, speed of opening of the ex- 
haust valve. 

An experimental engine, built by the company with which the 
writer is associated, develops mean effective pressures of more 
than 100 psi without a blower. Analysis of the exhaust gas, 
as well as direct measurements indicates that the volume of 
air passing through an engine exceeds the displacement by 60 
per cent. 


* Director of Research and Development, Worthington Pump and 
Machinery Corporation, Harriaon, N. J. Fellow A.8.M E. 

1 "8udden Discharge of Air From a Pressure Vessel," by 8. J. 
Davies, Engineering, vol. 149, 1940, pp. 17-18. 
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CHAPTER 13 


THE KADENACY SYSTEM 


13.3 The conventional picture of the scavenging process in a two-stroke cycle engine consists of 
first releasing the exhaust gases so that the cylinder pressure is reduced to below scavenge air pressure, 
then delivering the fresh air charge which is caused to sweep out most of the remaining inert gases and 
fill the cylinder with clean air. In section 2.3 it was stated that “In ideal scavenging the scavenge air 
acts like a piston in pushing the burnt gases out of the cylinder without actually mixing with them/' 
In a certain respect an actual engine can exceed the above stated ideal. In engines employing the 
Kadenacy System the fresh air charge is not called upon to push out any of the exhaust gases. On 
the contrary, it is drawn in by the outrushing mass of exhaust gases or rather by the depression 
created in its wake. 

By making use of the inertia of gas columns, a two-stroke cycle engine can even be operated 
without any blower, as was demonstrated by Michel Kadenacy. The first commercial blowerless 
engine was built in 1932 by Pet ter [Petter, 1931] in England, and the same company is still building 
Kadenacy-type engines of improved design but with a blower attached. 


13.2 Penn State Tests, 

The essence of the Kadenacy system is the depression created in the cylinder by a well-timed 
rapid opening of the exhaust. In the tests conducted by Schweitzer, Van Overbeke and Manson 
[Schweitzer et ah, 1946] at the Pennsylvania State College, the sudden evacuation of a cylinder filled 
with compressed air of 80 psig pressure was followed by a vacuum of approximately 10 inches of 
mercury. In these experiments a vessel of 6-inch diameter and 15-i-inch lensrth was filled with cold 
air of a certain pressure. Then the lid of the vessel was suddenly removed by hitting a latch as show n 
in Fig. 13-1 and the resulting vacuum measured by the response of a diaphragm. Kadenacy utilizes 
this vacuum to suck fresh air into the engine cylinder and so effect the scavenging and charging, 
which operations are ordinarily performed by a blower. W ell-timed exhaust (and inlet ) pipes are 
helpful but are not the essence of the Kadenacy system. As reported by Davies [Davies. 1937] a 
Junkers opposed-piston engine converted to the Kadenacy system was successfully operated with 
various lengths of exhaust pipes from 59 to 98 inches and in a speed range from 540 to 2000 rpm. 
The conversion resulted in a substantial increase in power. The brake mean effective pressure was 
increased from 85 to 142 psi. the normal rotative speed from 1200 to 1700 rpm. and the power output 
from 11 to 25 hp. This is claimed to have been obtained without any alteration of the combustion 
chamber or fuel-injection equipment, solely by eliminating the scavenge pump and changing the 
characteristics of the inlet and exhaust ports and passages, in accordance with the Kadenacy patents. 

33.3 Geycr s Theory. 

A arious explanations have been offered for the Kadenacy effect. Kadenacy himself ascribes 
it to a ballistic speed of the exhaust, said to be about four times as high as sound velocity S. Patent 



No. 2,131.957]. Giffen Ruffen. 1910] calculated 
t lie pressure waves generated by the sudden 
evacuation of a cylindrical vessel and obtained 
depressions of the order that have been ob- 
served. Geyer's [fieyer, 1911] rather simple 
theory attributes the effect to the kinetic energy 
of the gases rushing out of the cylinder. The 
potential energy of the compressed gas is. upon 
opening a passage, transformed into kinetic en- 
ergy. The gas leaves the cylinder with a velocity 
that corresponds to this energy. At the time the 
pressure inside of the cylinder has dropped to 
atmospheric, most of the gas has left the cylin- 
der, but the gas remaining in the cylinder still 
has some kinetic energy, which can perform 
work against the atmospheric pressure. This 
work consists of displacing a certain volume 
of air against ambient pressure. The equivalent 
volume of gas to replace that volume must come 
from the cylinder, and so a depression is ('rented 
by the discharge of that amount of gas. 

Geyer’s simple theory can have no pre- 
tension of describing accurately a complex 
transient phenomenon as the sudden evacuation 
of a cylinder. Yet it not only gives an accept- 
able mental picture of the mechanism of the 
Kadenacy effect, but even gives tolerable agree- 
ment w ith observed results. Geyer lias applied his 
the comparison with the Penn ^tate experiments, 
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Fig. 13-1. Penn State Apparatus for Testing the 
Kadenacy Effect. 

calculations to Davies' experiments: Fig. 13-2 shows 
which in case of a full opening is remarkably close. 


13.4 Slow Opening. 

The upper two curves in Fig. 13-2 refer to the case when the entire end of the cylinder is 
suddenly removed. If the uncovered opening is smaller, both theory and experiment gave consider- 
ably smaller depressions. Figure 13-3 shows the resulting depressions w hen a 6-inch diameter cylinder 
containing air of 5 atmospheres pressure is evacuated by the instantaneous opening of an orifice 
to the atmosphere. It will be noticed that if the orifice diameter is one-half that of the 
cylinder (that means the discharge area one-quarter of the cylinder cross-sectional area . 
the resulting depression is less than l psi. This refers to instantaneous opening. Naturally, if the 
opening is less sudden, the resulting depression is still less. The kadenacy effect practically vanishes 
if a relatively small discharge opening is uncovered relatively slowly. The inference is that the full 
exploitation of the Kadenacy efYeet is obviated by our inability to open the exhaust ports 
or valves rapidly enough. 

13.5 Tuned Exhaust. 

The Kadenacy (‘Heel can. however, be assisted powerfully by a properly tuned exhaust pipe. 
The kinetic- energy of the gas contained in the exhaust pipe far exceeds the kinetic energy contained 
in the gas contained by the e\ Under at the time of pressure equalizat ion. 

By a combination of the Kadenacy effect and a tuned exhaust pipe, tin 1 scavenging of any two- 
stroke cycle engine can be materially improved. I nder favorable circumstances an engine 4 can be 
made to run without any blower, but all engines presently manufactured under Kadenacy patents arc 
built with blowers. A multicylinder engine which is to operate at variable speed does not lend itself 
well to blowerless operation because irith an e.rluiust header the effect of tuning is less pronounced and 
at the wrong engine speed it is adverse. Even if a blower is used, the Kadenacy system offers decided 
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14.5 PSI ATM 

Fig. 13-2. Geyer's Theory Applied to Penn State Experiments. 



DISCHARGE AREA- % CYLINDER CROSS SECTION 

Fig. 13-3. Effect of Size of Opening on Kadenaey EiTect. Chamber pressure 3 atmospheres. 


advantages. I lie engine takes more air with a lower scavenge pressure and significantly the scav- 
enge pressure decreases as the load increases. This is explained by the fact that as the load becomes 
greater the energy in the exhaust also becomes greater and by its aspirating effect reduces the resist- 
ance to the delivery of the air irom the blower. This benefits the engine in two ways: less power is 
used to drive the blower, and the increased air charge permits injection of more fuel with clear ex- 



haust. In this way both the power output and the fuel 
economy are improved. Ordinarily, lower exhaust tem- 
perature also results due to the increased amount of 
short circuited air, and to the elimination of the tem- 
perature rise to which the air is subjected in a blower. 

Although the Kadenaey effect, in the strict sense, 
and pipe tuning are in principle two different phenom- 
ena. they are related in nature — -both are based on gas 
inertia— and their effects are almost indistinguishable 
from each other. A good way to determine whether an 
engine has or lias not the benefit of the Kadenaey effect 
is to measure and plot the scavenge pressure against the 
engine speed w hile motoring and at various loads (fixed 
fuel rack settings). If the air-box pressure is generally 
less at load than at motoring and less at heavy load 
than at light load. Kadenaey effect is responsible. If 
the Kadenaey effect is less pronounced and or the ex- 
haust back pressure is considerable (small and or long 
exhaust pipe), the air-box pressure w ill begin to increase 
at an intermediate load. If the Kadenaey effect is very 
pronounced, the air-box pressure will be minimum when 
the load is maximum. These tests are described in 
more detail in Chapter 16. 

CONSTRUCTIONAL FEATURES OF K A DEN AC V ENGINES 
13.6 Petter Engine. 

\\ hile results obtained with the Kadenaey system are fully discussed in the literature [Dale. 
19157, few of the constructional details have been disclosed. Figure 13—1 shows the longitudinal cross 
section of a modern Kadenaey type engine, the Petter Superscavenge Engine. It has fP-inch bore. 
13-inch stroke, and normally operates at 600 rpm. It is built with 2, 3. 1, and 6 cylinders. It is rated 
at 85.00 psi bmep at which load the exhaust is said to be absolutely invisible. All engines carry tin* 
British Standard 10 per cent overload for ono hour, and also a peak torque corresponding to 110 psi 
bmep or 30 per cent overload for considerable periods. I he specific fuel consumption at rated load 
and speed is 0.367 pounds per blip-hr with find of 19300 P>tu heating value and the lubricating oil 
consumption less than U per cent of the fuel. The blower pressure used is only 2.8 psig at 600 rpm. 

An examination of the section shown in Fig. 13-4 reveals a more or less conventional engine. 
Neither do the drawings and photographs of the components show very unusual features. Both the 
inlet and exhaust ducts arc carefully streamlined. The exhaust duct is divergent up to the exhaust 
header. Hoots blowers are mounted on the side of the engine, each serving two cylinders. The inlet 
ports are made with various angles as shown in Fig. 13-5 which is claimed to cause the entire cylinder 
charge to rotate without leaving a stationary core in the center. 

The exhaust is released through two valves in the head of rather large diameter and high lift 
but otherwise conventional. 

The piston shown in detail in Fig. 13-6 is oil-cooled, of aluminum alloy, with fixed wrist pin 
clamped in an aluminum insert bolted to the piston body which is without the usual holes. Oil is led 

from the rod by a pipe from the crank pin bearing to the bushing of plastic bronze winch is free to 
turn between the wrist pin and the carbon-chromium steel bushing fitted to the eye of the connect- 









intr rod. The piston-cooling oil passes from the 
channels in the bushing and the rod to the 
crown through a scaling piston with a spher- 
ical seat at the top of the rod. to which it is 
spring-loaded. 

A back view of a four-cylinder auxil- 
iary generator set is shown in Fig. 13-7 and 
Fig. 13-8 shows the specific fuel consumption 
and exhaust, temperatures of this engine plot- 
ted against load. 

Figure 13-9 shows a weak-spring indi- 
cator diagram of the engine, showing the slight 
dip below the atmospheric line after the completion of the blowdown period, which is characteristic 
of the Kadenacy system. This dip is much more pronounced in the diagrams of blowerless types of 
Kadenaey engines some of which are shown by Davies. 

The inlet duration is 100 degrees and the exhaust haul 21 degrees. 

DESIGNING FOR KADENACY EFFECT 

13.6a It has been fairly well established that the Kadenacy effect cannot be dismissed as fictitious 
as it is based upon a demonstrable phenomenon: the rarefaction that follow s sudden discharge of com- 
pressed gas from a closed vessel. Both thermodynamic theory and engines built according to the 
Kadenacy system prove the soundness of this principle. 



Fig. 13-8. Specific Fuel Consumption and Exhaust 
Temperatures of Pet ter Super-ca venire Emmie. 



Fig. 13-9. Weak-Spring Indicator Diagram of Potter Super- 
scavenge Engine. (B. M. Dale, ‘'Recent Development in 
Medium-Speed Two-Cycle Oil Engines.*' Motor Ship, 25, No. 
300. Jam, 1945.) 


The Kadenacy effect is not due to the inertia of the gas column in the exhaust pipe but to the 
inertia of the gas column in the cylinder, and arises therefore with any length of exhaust pipe if con- 
ditions are favorable. It is true, however, that gas inertia in the exhaust pipe can give powerful 
assistance to the Kadenacy effect if the pipe is properly tuned and destroy it if it is not. 

All well-designed two-stroke cycle engines are benefited more or less by the Kadenacy effect, 
but in order to take full advantage of it, the following five points deserve particular consideration: 
(1) proper exhaust lead. (2) rapid exhaust opening. :3) streamlining of flow passages, (4) exhaust 
timing, (5) elimination of reverse flow. 


13.7 Proper Exhaust Lead. 

The exhaust lead must be long enough to permit the cylinder gas to discharge from the cylinder 
and create a depression in its wake before rnueh inlet air is admitted, but not so long that a return 
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wave from the exhaust pipe would reach the exhaust orifice while it is still open and readmit the 
burnt <rases to the cylinder. 

For the calculation of the exhaust lead kadenacy y r i ves the following formula [E. S. Patent 
No. 2.U 1,095] 


look Ar :;oo\ 

when* IF is the cylinder volume in cubic centimeters. 4 the area of exhaust lead in square centi- 
meters. r a hypothetical mean velocity of mass exit of the burnt gases of the order of 150 meters per 
second. I\ a constant depending upon the form of the exhaust oriliee and the area opened per unit 
movement of I lie piston or crankshaft, a the angle of exhaust lead in degrees, and Y the speed of 
the engine in revolutions per second. With t lit* symbols used in this book 

AT = U 

(l — a 


and 

equation (13-1) can be written as 
(13-2) 


.Y = — 
oo 

ir = r. 


, 4] , 

A, v a = em- deg. 

l an 


For the hypothetical mean velocity of mass exit Kadenacy recommends 450 meters per second 
but also mentions that it was found in practice that it should be in the neighborhood of 500 meters 
per second. Taking r = 475 meters per second equation (13—2) becomes 


or in English units 

(13—3) 


-4 m a — 


Ym 

- so cm deg 

7900 


(2.o ts-* 1 n 

A,„a — — — = 0.00032 Y e n sq in. deg. 

(2.54) 2 TWO 


This is practically identical with equation (8-1 1 which lias been derived in the appendix of Chapter 
8, without any assumption of ballistic velocities. 

The proper exhaust lead for Kadenacy effect can therefore be calculated by the method de- 
scribed in 8.2. 

According to either equation the required blowdown time area is proportional to the engine 
speed: therefore the minimum exhaust lead required to insure evacuation of the cylinder increases 
with the speed. 

The time required for the return wave to reach the cylinder is approximately constant in 
terms of seconds but in terms of crank degrees it also increases directly with the engine speed. 

It is seen that both the minimum and the maximum exhaust lead increase witli the engine 
speed. In a variable-speed engine optimum exhaust lead can be designed for only one given speed. If 
the engine speed much exceeds the design speed, the blow dow n will be incomplete and the Kadenacy 
effect is largely lost. If the engine speed is much lower than t fie design speed, the return waves from 
the exhaust pipe find the exhaust orifice still open and fill the cylinder with exhaust gases before fresh 
air has an opportunity to get in. 

Kadenacy *s l . S. Patent Ko. 2.113.480. pictured in Fig. 13—10, shows a mechanical arrange- 
ment for varying the exhaust lead to suit t lit* engine speed. \o such engine is known to have been 
built. 

It may be concluded that the Kadenacy effect can best be applied to a constant-speed engine 1 . 
In a variable-speed eiurine the exhaust lead must he designed for the preferred engine spend, and the 
calculation them is identical with tin* one described in Chapter 8. It requires, however, skill in design 
to insure adequate exhaust lead in a high-speed engine without unduly crowding the 1 inlet period. 



13.8 Rapid Exhaust Opening. 

In all but very slow-speed engines rapid opening of the exhaust is desirable in order to provide 
adequate blowdown area without unduly reducing the duration of the inlet. With the Kadenacy 
>ystern rapid opening of the exhaust is not only desirable but essential because the Kadenacy effect 
vanishes if the discharge opening is not fast enough. 

For the speed of opening the exhaust Kadenacy fails to give 

ij 1 definite rules, but indicates T . S. Patents \o. 2. M l. 065 and 2.123,569) 

** that the critical exhaust lead should be less than 1 300 second and 

I preferably as low as 1 500 second. The critical exhaust area is given 

j as approximately one-quarter of the piston area and should be uncovered 

« in less time than that required for the blowdown period. The Penn State 

tests on the other hand have shown that the larger the suddenly opened 
exhaust orifice the greater is the ensuing depression. By reducing the 
exhaust opening from 100 per cent to 15 per cent piston area, the de- 
pression at 5 atmospheres chamber pressure dropped from 4.3 to 1.7 
psig — that means to 40 per cent — and at 25 per cent piston area the de- 
pression was only 0.85 psig, or only 20 per cent of the maximum. It is 
7 obvious that a rapid opening is essential for the Kadenacy effect and 
5 j the more rapid the opening the better the effect. 

13.9 Mechanical Difficulties. 

The mechanical difficulties involved in producing a very sudden 
exhaust opening are. however, considerable. Instantaneous opening of a 
large area in an engine cylinder cannot be realized or even closely ap- 
preached by practical means. The uncovering of as much as one-half of 
(oy the piston area is out of the question and even the opening of a smaller 

„ _ - ~ _ area involves appreciable time. 

hi". 13-10. L. S. Patent ~ r T . . . . ....... 

No. 2.113.480, M. Kadenacv. 1° satis *> Kadenacy s rather limited objective, one-quarter of 

By pinions 12 and 13, and the piston area must be uncovered during the exhaust lead. Piston- 

racks 14 and U the exhaust controlled ports are considered first. In an op posed -piston engine the 
lead is so varied that the , T „ , 

desired timing is obtained for rectan ? ular exhaust ports may occupy as a maximum per cent of the 

varying engine speeds. circumference. If the height of that portion of the exhaust ports which 

is uncovered before the inlet ports open is designated hi, 


0.7 ZD-ht, = 0.25/J-- 


Assuming a stroke length of 


h = — = 


12 12 X 1.2 


- 0.07*. 


An inlet duration of 100 degrees crank angle is assumed. From Fig. 7-5 this corresponds to 14 

per cent stroke port height. Adding to this for h h , 7 per cent stroke 1 , 21 per cent stroke is shown. This 
would make the exhaust ports open at 1 10 degrees after top center, which is acceptable. 

. , . ■ „ . , LOO 


The exhaust lead consisting of 180 — - — 

o 

approximately , I 300 second. From the relation 


LI9 = It degrees must be covered in less than. 


11 = (v\ X 


the engine speed must be higher than 550 rprn. 
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Considering next a cross- or loop-scavenged engine, the exhaust ports cannot occupy more than 
30 per cent of the circumference and hb must satisfy the following requirement: 

0.30? = 0.250- - 
4 

which, with s = 1 .2/4, 

hi, = = 0.173s 

(0.3) X (.16) X (1.2) 

or 17.3 per cent of the stroke. With 100 degrees inlet duration the upper edge of the exhaust port 
would be at 31.3 per cent from the bottom of the stroke, which makes the exhaust ports open at 105 
degrees after top center, wind) is somewhat too early for a port-scavenged engine, but still acceptable. 

The exhaust lead now is 130 — 105 = 25 degrees, and this must be covered in not more than 
1/300 second, which means that the engine speed must be higher than 1250 rpm. This would indicate 
that the Kadenacy system is not suited for cross- or loop-scavenged engines. 

The final example is a cylinder with 2 poppet exhaust valves, the diameters of which are 40 
per cent of the piston diameter. In order to provide a valve opening equal to one-quarter of the piston 
area 

2 X 0. 1 Dx X h = - — 

1 4 

from which the critical valve lift is 

= 0.078/) 

16 0.8 

Although this is a fairly high lift, it is not the total lift required, but only that portion of it which 
corresponds to the exhaust lead period. In order to provide the necessary deceleration, the entire 
valve lift may have to be more than this. 

The critical valve lift must be completed in less than 1 300 second. W it h a 6-inch bore cylinder 
the valves must travel 0.48 inch in 0.0025 second. Starting from standstill and assuming uniform 
acceleration 

0.18 = Am 0.0025) 2 

from which 

a = 154.000 in. sec 2 — 396 y 

which is very high indeed. 

In ordinary valve gears, accelerations do not reach more than a fraction of this figure and even 
in engines built after the Kadenacy principle the valve accelerations and consequently the critical 
valve lifts an? considerably below the minimum required by Kadenacy's patents. Instead of 1 500 to 
1 300 second, the periods of critical exhaust opening vary between 1 TOO and 1 200 second and even 
these figures require extraordinary valve gear design. 

13.10 Masked Valve* 

A arious expedients are being used to avoid the enormous valve accelerations, and correspond- 
ingly enormous spring loads. One of them is the use of masked valves. 

If the velocity of the valve is zero at the beginning, the opening is very small for the first 20 
degrees. By recesssing the valve seat in such a manner that the outer diameter of the valve consti- 
tutes an easy fit in the recess, with a diametral clearance of approximately 0.030 inch, the valve acts 
as a piston valve and it is possible to start the motion earlier. Such a valve is shown in Fig. 13-11. 

The effective exhaust begins only when the valve head clears the 
recess. In this way the effective opening of the exhaust may re- 
main the same but the time available is increased. In this way the 
acceleration can be greatly reduced. 

A disadvantage of the masked valve is that the total valve 
lift is still greater. Another disadvantage is that t lie hot gases 
rushing through the small annular area between the cylindrical 
part of the valve and the recess are pretty hard on the seat. 

Other expedients, such as piston valves and combination valves, have also been proposed for 
keeping the accelerations within bounds. If high accelerations are unavoidable, recourse is taken to 



Fig. 13-11. Masked Valve. 



unconventional springs such as multiple-coil, hairpin, and torsion-rod types to provide the very 
high spring load required for handling the high accelerations. 

It is evident from the foregoing that the ta>k of the designer to provide exhaust openings large 
enough and fast enough for the effective utilization of the Kadenacy effect is a difficult one. It may 
even be said that this difficulty constitutes the greatest obstacle to full exploitation of the Kadenacy 
effect. However, even a partial utilization of the Kadenacy effect is worth while, especially with 
blower-scavenged engines. Therefore, the above-cited figures should not be interpreted as a 
deterrent to any effort directed to the utilization of the Kadenacy effect. 


13.11 Streamlining of Flow Passages. 

It is natural that when the (low of air is controlled by low pressure differences, as is the case 
with the Kadenacy system, conservation of the kinetic energy in the stream is very important. Both 
the exhaust and inlet passages must be streamlined by providing ample cross-sectional area, avoiding 
sharp turns, protrusions, and other eddy-producing shapes. For inlet ducts and ports slightly con- 
vergent shapes are chosen to provide guidance for the air in the cylinder. For exhaust ducts slightly 
divergent shapes give good results because of the aspirator effect of the divergent tubes. Figure 13-1 
shows an example of good streamlined (bud forms. 

For exhaust, tapered pipes have also been used, with an included angle of a little over I 

degree. 


13.12 Exhaust Tuning. 

Successful application of the Kadenacy system is greatly promoted by tuning the exhaust 
pipe. This is particularly true of the blowerless type of Kadenacy engine, where exhaust tuning can 
be of decisive importance. In multicylinder engines, with more than three cylinders, divided exhaust 
lines are generally used to avoid interference among the cylinders and to control better the pressure 
pulsations in the exhaust ducts. 

For proper tuning the nnaUtical methods described in Chapter 12 may be used and should he 
supplemented by the experimental methods described in Chapter Id. Tuning of a Kadenacy type 
engine does not differ from that of a conventional engine, except that with the former, exhaust tuning 
is more essential than with engines that depend on relatively high scavenge pressures for charg- 
ing. 

The necessity of proper exhaust tuning again tends to make tin* kadenacy engine a single- 
speed machine. \aturalK the design speed for port timing must agree with that of the piping. Opera- 
tion at other speeds may be possible but less good performance must be reckoned with. 


13.13 Elimination of Reverse How. 

It has been pointed out that the Kadenacy effect can easih he destroyed by a reverse flow 
generated by a reflected pressure wave from the end of the exhaust pipe or from a receiver in the 
exhaust line. In such a ease the charging of the cylinder with fresh air is spoiled by the return of 
burnt gases which mix with the fresh air and or prevent its entry into the cylinder. 

This is likely to happen if the exhaust pipe is so short that the return wave finds the exhaust 
orifice still open. To eliminate this contingency the relation of the natural frequency of the pressure 
wave and the engine speed must be such that the period of the exhaust pressure wave shall be longer 
than the duration of the exhaust opening. Methods for accomplishing this are described in Chapter 12. 

Neither is it desirable to have the depression created by the exhaust column persist so long 
that it sucks out of the cylinder whatever fresh air has been admitted. Such effect would result from 
too long an exhaust pipe. 
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Good results are obtained if the exhaust pipe is so tuned that the 
period of one complete oscillation approximately equals the duration of the 
exhaust, as was explained. But this is possible only for one speed. The 
question is how to make the Kadenacy system operable at variable speeds 
without contending with the obstruction or contamination caused by return 
of the burnt gases at certain engine speeds. 

Solutions have been offered toward converting the exhaust duct into a 
one-way thoroughfare. The outwardly tapered exhaust pipe mentioned above 
may be considered such a device inasmuch as it discourages flow* in the con- 
verging direction. 

A more positive action could be expected from a nonreturn valve 
which would allow* free passage to the outward flow of the exhaust gases but 
would prevent by its automatic closure any return flow. The objections to 
such valves so far proposed are of mechanical nature. The speed of operation, 
the high temperature of the exhaust gases and the smoke and soot which they 
contain make very difficult conditions for a valve to operate under. Therefore 
exhaust devices involving moving parts met with little success so far. 

Kadenacy, in his numerous patents, proposes various stationary de- 
vices to accomplish such purpose. Figure 13-12 shows a deflector device to be 
interposed between the exhaust duet and manifold, that is supposed to offer 



Fig. 13-12. U. S. Pat- 
ent \o. 2.110.986. 

M. Kad enacy. Out- 
ward How at the ex- 
haust gases obstructed, 
flow stopped by a 
“pliur" of whirling 
erases in toroidal cavity 
9. 


little resistance to the outward flow* of the exhaust gas. The return flow, however, caused by the 


rebound of the gas column from the end of the pipe, encounters a gaseous plug formed by the w hirling 
gases in the toroidal cavity 9. located as close to the cylinder as possible. 


Somewhat similar devices are shown in Fig. 13-13 and 13 -1 1. 



Fig. 13-13. 1. S. Patent \o. 2.167,303, 

M. Kadenacy. Means to minimize the re- 
bound of the exhaust gas column by prolonging 
its outward motion and delaying its reversal 
and or reducing its intensity. 



Fig. 13-11. U. S. Patent \o. 2.168,328. 
M. Kadenacy. Means to prevent a too early 
return of the exhaust gas column that would 
reach the cylinder when the charging process 
is still in progress. 


Reports of the successes of the above-described devices are not sufficiently conclusive to have 
them recorded. 



SCAVENGING, BREATHING AND POWER 


Two-Stroke Power Units, P. E. Irving 
London: Temple Press Books, 1967 
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the best for the new system. Once again it can be seen that, if With the rather bulky systems favoured on modern moto- 

fully detailed notes have been taken of all stages of engine cross machines, it is very difficult to fit a single pipe out of the 

development, it is much easier to decide which factor is giving way. If too low, so that it can be tucked in, it may easily be 

rise to the poorer results and the best remedy to take. damaged by rocks as they reduce the ground clearance. If 

The desired effect of the various types of exhaust pipe is to fitted high up, it may be in the way of the rider’s leg. With 
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9 Claims. 

The doctrine of evacuating the cylinder of a 
two stroke cycle internal combustion engine by 
permitting the burnt gases to leave the cylinder 
through the exhaust orifice as a mess which is 
•> governed by the laws of reflection and rebound 
has been established by the applicant in his prior 
British specifications Nos. 269,181, 308,593, 308.594 
and 308,595. 

In these specifications the applicant has for 
1° the first time stated that as a natural conse- 
quence of the combustion of the charge the burnt 
gases while still in the cylinder, form r body 
having the properties similar to those of a resili- 
ent body and behaving as though it possessed a 
15 high initial velocity while still in the cylinder. 
The applicant has stated that If this body is al- 
lowed to do so it will leave the cylinder through 
the exhaust orifice as a mass, which in Itself is 
the consequence of its hJgh initial velocity, and it 
20 v.lll evacuate the cylinder completely or substan- 
tially ccmpletely. Subsequently, as a consequence 
of its impact upon the external gaseous medium 
and of the fact that the velocity of the said mass 
is greater than the possible velocity of compres- 
25 sion of the external gaseous medium, the reac- 
tion from the latter will cause the said mass of 
burnt gases to rebound into the cylinder, and all 
the above mentioned phenomena occur when no 
exhaust system is provided in continuation of the 
30 exhsust orifice. 

The T3resent invention relates to such engines, 
that is ?o say to engines wherein the burnt gases 
are evacuated from the cylinder through the ex- 
haust orifice as a mass or body. 

3f> In the applicant’s above mentioned prior speci- 
fications he has proposed, In such an engine, to 
utilize the evacuation of the cylinder for the pur- 
pose of recharging the cylinder, tut at the time 
when such specifications were filed, his re- 
40 searches had led him to believe that it was essen- 
tial in the operation of such engines to close the 
exhaust orifice in such a manner that the result- 
ing vacuous condition in the cylinder remained 
available for securing the entry of the subsequent 
45 charge. 

The applicant has now been led by his further 
consideration of the phenomena in question to 
derise a method of charging such engines which 
Is independent in principle of the closure of the 
50 exhaust prifice and which avoids all the practical 
objections that arise when use is made oi the 
means described in the above mentioned prior 
British specifications. 

This method consists In arranging for the inlet 
55 orifice to open, at the normal spc< d of the engine, 


(CL 60 — 32) 

alter the exhaust orifice opens but only with the 
required delay to ensure that the burnt gases are 
then moving outwardly through the exhaust ori- 
fice or duct as a consequence cf their mass exit 
from the cylinder, and cause a suction effect to 5 
be exerted in the cylinder at the said inlet orifice. 

If the inlet is opened in the manner specified, 
air or a carburetted mixture of air and fuel ac- 
cording to the type of engine under consideration 
Is suddenly drawn into the cylinder and the latter 10 
is filled satisfactorily so much the move as the 
gases thus admitted at a high speed are, on ac- 
count of their inertia, compressed to a pressure 
greater than that existing in the inlet duct; and 
this timing of inlet establishes the engine as a 16 
two-stroke cycle engine. 

The return of the tall end of the column of 
exhaust gases tends to occur after the cylinder 
has been filled with fresh gases, but the re-entry 
of this tail end of the exhaust column Into the 20 
' cylinder is resisted by the charge of fresh gases 
contained therein, so that the following cycle 
normally takes place under the most satisfactory 
conditions. 

Now the intervals el&i>sirg between the open- 25 
lng of the exhaust orifice, the mass exit of the 
burnt gases, ana the return of this mass to the 
cylinder are intervals cl time which are substan- 
tially independent of engine speed and conse- 
quently the 7 extend over larger crank angles at 30 
high engine speed? than at low engine speeds. 

It therefore follows that for an engine in which 
the valve gear, on the one hand, and the exhaust 
device, on the other hand, have fixed character- 
istics, there Is also for this engine a definite work- 35 
ing speed having a lower limit and an upper limit 
relatively close to each other, from which this 
working speed cannot depart without the engine 
ceasing to opemte in the desired manner. 

According to the invention means are provided 40 
whereby the engine Is enabled to ope ate In the 
ties! red manner between wider workir g lhnlts, as 
rip be hereinafter described. 

Tne invention further provides means for al- 
lowing this engine tc ^tart and to reach a working 45 
speed ior which the above phenomena can occur. 

These means consist either in a valve or other 
suit - b*y arranged equivalent derice, or again In a 
der.ee for the Injection, into the cylinder, of air 
under a relatively low pressure, upon starting. 6° 
This injection of air is adapted to present the 
return of the exhaust gases into the cylinder, and 
to thus allow the operation until the engine has 
acquired sufficient speed. 

Various forms of carrying out the subject-mat- 85 
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ter of the invention will be described hereinafter, 
with reference to the accompanying diagram- 
matic drawing, in which: 

Figure 1 is a longitudinal section through an 
6 engine cylinder provided with an exhaust pipe. 
Figure 2 is a detail of the said exhaust pipe. 
Figure 3 shows a modified form of exhaust pipe. 
Figure 4 shows another modified form of ex- 
haust pipe. 

10 By way of example, it will be assumed that this 
device is applied to an engine, in the cylinder 
(or in each cylinder) I of which slides a piston 
2 driven by the crank 3a on the crank shaft 3b 
through the medium of a connecting rod 3 . 

15 4 designates an inlet conduit on the orifice of 

which is fitted a valve 5 controlled for instance 
by a push-rod 6a and rocker arm 6 . The push- 
rod 6a is actuated by a cam 6b on the usual cam 
shaft, being geared by means of timing gears 
20 ff — ff (illustrated in the present embodiment as 
of 1-1 ratio) to the crank shaft 3b, The con- 
duit 4 serves for the admission of the carburelted 
mixture if an explosion engipe is under consid- 
eration, or of air if an Internal combustion en- 
26 glrie is considered and, in the latter case, the 
cylinder would also carry an injector for the 
admission of the fuel at the end of the compres- 
sion. The present embodiment illustrates an ex- 
plosion engine having a suitable ignition ele- 
30 ment, e. g„ the spark plug S. 

The exhaust takes place through a conduit 7 
opening in the cylinder by means of a port 8 
uncovered by the piston, when the latter comes 
in proximity to its lower dead centre, and, ac- 
35 cording to the invention, the characteristics of 
the distribution and exhaust devices are such 
that the inlet is opened at the time the gaseous 
column is formed, cording, to the method de- 
scribed, in the conou.t 1 and in the device fol- 
40 lowing it, this column escaping at a high speed 
towards the exterior. 

The suction effect resulting therefrom in the 
cylinder thus causes the latter to be completely 
filled up with fresh aiv or with carburetted mix- 
46 ture, and prevents the subsequent return, into 
this cylinder of the tail end of the column of 
exhaust gases. 

According to a particular arrangement of the 
invention, the exhaust device is adjustable in 
60 such a manner that the chronological law of the 
phenomena taking place therein can be varied at 
will, and that it is thus possible, as previously 
explained, to widen the limits between which the 
working speed of the engine cun vary. 

By way of example, the f gures of the ac- 
companying drawing illustrate devices compris- 
ing an exhaust conduit the useful length of which 
can be varied. 

The body of gases in this conduit is subjected 
to corresponding variation. u>d, consequently, 
it Is more or less rapidly sho.cen by the body of 
gases issuing from the cylincu-r at the end of the 
expansion, and which strikes against it and re- 
bounds several times as previously explained. 

^ It resul-s therefrom that by lengthening the 
exhaust conduit, the moment at which occurs the 
formation of the column producing a shock sim- 
ilar to a water hammer in the cylinder, is retard- 
ed. and. consequently, this new arrangement cor- 
responds to a lower speed of the engine 

Reversely, a shortening of the exhaust conduit 
corresponds to a liigher speed of the engine. 

In the foim of construction illustrated in Fig- 
ure 1, the exhaust conduit comprises the flxcl 


tube 7 previously mentioned, and, at the end of 
this fixed tube, a sliding tube 3. 

The position illustrat 'd in full lines corre- 
sponding to a definite working speed, in order 
to be able to reduce this speed, the tube 9 is 5 
moved in the direction indicated by the arrow F, 
up to a position such as that shown in dot and 
dash lines. The increase h of the useful length 
of the exhaust conduit involves an increase of the 
body of gases contained In this conduit, and, con- 10 
sequentiy, causes the setting in motion of the 
gases, in the form of a column having a rapid 
movement, to be retarded. 

Another particular arrangement of the inven- 
tion, adapted to appreciably promote the phe- 15 
nomena above described, consists in that the ex- 
haust device is arranged for facilitating the 
movement of the gases in the direction for ex- 
haust, and, on the contrary, for checking it In 
the reverse direction. 20 

In the example illustrated in Figure 1. and in 
detail and on an enlarged scale in Figure 2, the 
tube 7 Is. in the shape of a frustum having an in- 
clination f and outwardly flared, this inclination 
i being of the order 1 to 2 per cent., for instance. 26 
The increase of the section of the passageway 
for the gases in proportion as they escape, facili- 
tates this movement, but, reversely, if the tail end 
of the gas column expands backwardly, this sec- 
tion decreases and hinders said expansion: this go 
concurs to prevent the return of the gases into 
the cylinder and, consequently, to further im- 
prove the operation. 

In the form of construction shown in Figure 3, 
the fixed tube 7 extends in the exhaust box 10, ^ 
and its end is covered within this exhaust box 
by a sliding tube II. the bottom I la of which is 
closed, so that the gas column escapes according 
to the path indicated by the arrows Fi. The bot- 
tom I la of the sliding tube H, and the portion 10a ^ 
of the wall of the exhaust box 10 through which 
passes the tube 7, constitute deflectors facilitat- 
ing the changes in the direction of the movement 
of the gases. 

The structure is so arranged that the gas col- 
umn escaping at high speed In the direction F, 
enters the exhaust box after it has produced its 
entire useful effect, that is, when It has reached 
substantially the limit of its outward travel from 
the cylinder. 

By moving the sliding tube II to a position 
such as that shown In dot and dash lines, the 
volume of gasefe contained in the exhaust tube is 
increased according to a quantity V, and this 
new arrangement corresponds to a lower speed ^ 
of the engine. 

Finally, according to an arrangement similar 
to that described, the tube 7 and the tubular 
oortlon I Oh of the exhaust box 10 which sur- 
rounds the tubes 7 and 1 1 have outwardly flared 00 
shapes. 

According to the form of construction illus- 
trated in Figure 4, the tubular portion II of the 
preceding device Is replaced by another tube 12 , 
having also a e; jsed bottom 12a. and rigid with c - 
a guide 13 slidh g on the tube 7, and, moreover, 
another tube 14 slides on the tube 7 and on the 
end of the tube 1?. so that by moving both these 
tubes 12, 14, ^Imoitaneously or separately, a 
greater range of adjustment Is available, and this 70 
adjustment can be effected more accurately. 

It is to be understood that. In ord^r to actuate 
the adjusting means described, or any other 
equivalent means, any suitable control can be 
provided. 75 


75 
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Finally, for allowing the starting and speed- tcrnal combustion engines, which comprises es- 
Ing up of the engine, that Is to say, its operation tablishing communication between the cylinder 
at abnormal working speeds, for which the phe- and exhaust system during the firing stroke, ad- 
nomena described no longer take place in the mittlng fresh charging air into the cylinder un- 
5 same conditions, and would no longer ensure sat- der pressure when starting and running up to & 
isfactory working of the engine, the invention normal speeds, providing at normal running 

provides the use of any suitable device arranged speed for the issuance of the burnt gases from 
for blowing air into the cylinder and thus pre- the cylinder substantially as a mass in an inter- 
venting the return of the exhaust gases. The val of time shorter than that which would be 
10 air pressure necessary is moreover very small, required for the burnt gases to expand down to 10 
and the device to be used can be of the most the ambient pressure by adiabatic flow, where- 
simple type. by the mass of gases moves outward and there- 

Por example, as shown in Figure 1 the inlet after returns from & point which may be within 
duct 4 may communicate through a two-way ro- the exhaust system, providing a permanent free 
15 tary valve 18 . having a handle IS, with a duct passage for the burnt gases to the limit of out- 15 
2 G open to the atmosphere and a duct II open- ward travel of said gases, preventing at normal 
ing into the crank case IS, the cylinder com- running speed the entrance of fresh charging air 

prising a third port 15 for the admission of air until the sa>d issuance of the burnt gases is in 

into the crankcase in the well known manner. full progress, admitting at normal running 

20 I claim: speed fresh charging air into the cylinder, when 20 

1 . Method of controlling two-stroke cycle in- the said Issuance of the burnt gases is in 
ternal combustion engines, which comprises es- full progress and causes a suction effect to be 
tablishing communication between the cylinder exerted in the cylinder, while the exhaust port is 
and exhaust system during the firing stroke, still open, and providing for the said fresh charge 
25 maintaining permanent open communication be- to occupy the cylinder in the interval elapsing be- 25 
tween the cylinder ?nd the atmosphere while the tween the said exit of the burnt gases and the 
exhaust port is open, providing for the issuance instant when the pressure of the returning gases 
of the burnt gases from the cylinder substantially becomes effective within the cylinder, whereby 
as a mass in an interval of time shorter than the re-entry of the said burnt gases into the cyl- 
30 that which would be required for the burnt gases inder will be opposed by the fresh charge con- 30 
to expand down to the ambient pressure by adia- tained therein. 

batic flow, whereby the mass of gases moves out- 4 . A two-strok^ cycle internal combustion en- 

ward and thereafter returns toward the cylinder, gine having a cylinder, a piston moving in the 

preventing the entrance of fresh charging air cylinder, exhaust and inlet orifices in the cylin- 
35 until the said issuance of the burnt gases is in der, an exhaust conduit on the exhaust orifice, 35 
full progress, admitting fresh charging air into means for so controlling the exhaust orifice dur- 
the cylinder when the said issuance of the burnt ing the firing strode as to ensure the issuance 

gases is in full progress and causes a suction ef- of the burnt gases as a mass, whereby the said 

feet to be exerted in the cylinder, while the ex- mass moves outward and thereafter returns from 
40 haust port is still open, and providing for the a point which may be within the said conduit, 40 
said fresh charge to occupy the cylinder in the means for so controlling the inlet orifice as to 
Interval elapsing between the said exit of the ensure that it will be opened while the exhaust 
burnt gases and the instant when the pressure of orifice is still open and when the said issuance 
the returning gases becomes effective within the of the burnt gases is in full progress and pro- 
45 cylinder, whereby the re-entry of the said burnt duces a suction effect in the cylinder, the exhaust 45 
gases into the cylinder will be opposed by the conduit providing a permanent free passage for 
fresh charge contained therein. the burnt gases to the limit q f outward travel 

2 . Method of controlling twe-stroke cycle in- of said gases, and providing A passage for the 

tferna? combustion engines, which comprises es- gases during their outward motion as a mass 

$0 tablishing communication between the cylinder having no cross section of substantially greater 50 
and exhaust system during the firing stroke, pro- area than any cross section thereof further from 
vlding.for the issuance of the burnt gases from the cylinder. 

the cylinder substantially as a mass in an interval 5 . a two-stroke cycle interna] combustion en- 

of time Shorter than that which would be re- gine having a cylinder, a piston moving in the 

55 quired for the burnt gases to expand down to the cylinder, exhaust and inlet orifices in the cylin- 65 
ambient pressure by adiabetic flow, whereby the der. an exhaust duct on the exhaust orifice, 
mass cf gases moves outward and thereafter re- means for so controlling the exhaust orifice dur- 
turns from a point which may be within the ex- ing the firing stroke as to ensure the issuance 

haust system, providing a permanent free passage of the burnt gasrs as a mass, whereby the said 

AO fhr tho burnt. cpvpS tr» tbn limit nf oiitwnrH ♦ m o <rc />,,♦ r «n 

- - - - * - * - - v. v. >»IA1 n.» iciUtllQ ii U1U ' J « 

of said burnt gases, preventing the entrance of a point which may be within the said conduit, 
fresh charging ; if until the said issuance of the means for so controlling the inlet orifice as to 
burnt gases is in full progress, admitting fresh ensure that it wi 1 ! be opened while the exhaust 

charging air into the cylinder when he said is- orifice u still open and when the said issuance 

65 suartce of the burnt gases is in full progress and of the burnt gases is in lull progress and produces 65 
causes a suction effect to be exerted in the cyl- a su. Lion effect in the cylinder, an exhaust con- 

inder, while the exhaust port is still open, and di it in continuation of the said exhaust orifice, 

providing for the said fresh change to occupy the the said conduit p- oviding a permanent free pas- 
cylinder in the interval elapsing between the said sage for the burn‘ gases to the limit of outward 

70 exit of the burnt gases and the instant when the travel of said gases and providing a passage for 70 

pressure of the returning gases becomes effective the gases during their outward motion having 
within the cylinder, whereby the re-entry of the a r:oss section increasing progressively away 
said burnt gases Into the cylinder will be opposed from the cylinder. 

by the fresh charge contained therein. 6 A two-stroke cycle internal combustion en- 

73 3 . Method of controlling two-stroke cycle in- gine as cUimed in cl tint 5 , the said passage pro- 75 
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vlded by the exhaust conduit having a taper of 
the order of 1 to 2 per cent. 

7. A two-stroke cycle Internal combustion en- 
gine having a cylinder, a piston moving in the 
5 cylinder, exhaust and Inlet orifices In the cylin- 
der, an exhaust conduit on the exhaust orifice, 
means for so controlling the exhaust orifice dur- 
ing the firing stroke as to ensure the issuance of 
the burnt gases as a mass, whereby the said mass 
)u moves outward and thereafter returns from a 
point which may be within the said conduit, 
means for so controlling the Inlet orifice as to 
ensure that it will be opened while the exhaust 
orifice is still open and when the said issuance 
15 of the burnt gases is in full progress and pro- 
duces a suction effect in the cylinder, the said 
conduit providing a permanent free passage for 
the burnt gases to the limit of outward move- 
ment of said gases and providing a passage for 
r-o the gases during their outward motion as a mass 
having no cross section of substantially greater 
area than any cross section thereof further from 
the cylinder and no abrupt and substantial in- 
crease in volume for a length substantially equal 
2 ;, to the limit of outward travel of the mass of 
burnt gases. 


8. A two-stroke cycle internal combustion en- 
gine having a cylinder, a piston moving in the 
cylinder, exhaust and inlet orifices in the cylin- 
der, an exhaust conduit on the exhaust orifice, 
means for so controlling the exhaust orifice dur- 5 
ing the firing stroke as to ensure the Issuance of 
the burnt gases as a mass, means for so control- 
ling the Inlet orifice as to ensure that it will be 
opened while the exhaust orifice is still open 
and when the said issuance of the burnt gases 10 
is in full progress and produces a suction effect 

in the cylinder, the said conduit providing a per- 
manent free passage for the burnt gases to the 
limit of outward travel of said gases and pro- 
viding a passage for the gases during their out- 15 
ward motion as a mass having no cross section 
of substantially greater area than any cross sec- 
tion thereof further from the cylinder, a silencer 
in continuation of the said conduit, the said 
silencer being situated at such a distance along 20 
said pipe that the said gases substantially termi- 
nate their outward motion before entering said 
silencer. 

9. The device as claimed in claim 4 in which 
the exhaust conduit comprises telescoping tubes. 25 

MICHEL KADENACY. 
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The applicant has found that in an intern il 
combustion engine, the behaviour of the gases is 
such as to lead to the conclusion that as a con- 
sequence of the combustion of the charge, and 
5 while still in ohe cylinder, the burnt gases fo:m 
a mass having a high initial velocity and posse s- 
ing properties similar to those of a resilient bo iy, 
so that when the exhaust orifice opens this mass 
seeks to project itself bodily from the cylinder tnd 
)0 to leave the latter in a consequent vacuous con- 
dition. 

The present invention relates to two-stroke cy- 
cle internal combustion engines, wherein at 1 aast 
a substantial portion of the burnt gases leaver the 
15 cylinder at a speed much higher than that obtain- 
ing when an adiabatic flow only is involved and 
in such a short interval of time that it is dis- 
charged as a mass leaving a depression behind it 
which is utilized in Introducing a fresh charge 
20 into the cylinder. 

The applicant has also found that in the op- 
eration of such an internal combustion engine the 
burnt gases ilo not leave the cylinder immedi- 
ately the exhaust orifice commences to open. 
25 There is first a period of delay, during which 
the burnt gases do not issue from the cylinder 
and alter this delay has elapsed the burnt gases 
Issue bodily from the cylinder with an extremely 
high velocity as a mass which responds to the 
30 laws of reflection and rebound and it leaves in 
the cylinder a profound depression. Subsequent- 
ly, this outward motion of the burnt gases is re- 
versed in direction and if the gases are allowed 
to re-enter the cylinder they destroy the depres- 
35 sion left therein. 

In Fatent Number 2,102,559 elated December 
14, 1937, the applicant has described and claimed 
a method t f charging two-stroke cycle internal 
combustion engines which consists in opening the 
40 inlet orifice for the introduction of a fresh charge 
after the exhaust orifice opens, but only with the 
required delay to ensure that the burnt gases are 
then moving outwardly through the exhaust sys- 
tem esa consequence of their mass exit from the 
45 cylinder and cause a suction effect to be exerted 
in the cylinder at the said inlet orifice. 

In such an engine, an untimely return of the 
burnt fr.ases may have an objectionable influence 
on the contents of the cylinder and the object 
50 of the present Invention is to provide in the ex- 
haust system of an ;nglne operating in accord- 
ance with the above method, means which are 
adapted to permit the free exit of the mass of 
burnt gases from the cylinder and to prevent the 
55 return of this mass or a portion thereof of burnt 


gases to the cylinder by utilizing the above men- 
tioned properties of the burnt gases. 

The Invention consists In the provision within 
the exhaust system of deflecting means situated 
between the exhaust orifice and the point In the 6 
exhaust system from which the return of the 
burnt gases occurs after the said bodily exit from 
the cylinder at high velocity, the said deflecting 
means being adapted to permit the free outflow 
of the burnt gases and to prevent by reflection 10 
the return of the said gases to the cylinder. 

It is to be understood that In considering the 
free outflow of the burnt gases losses due to 
friction are excepted, but these losses should of 
course be kept down to a minimum. 15 

Now IV the characteristics of the exhaust sys- 
tem are fixed, the interval elapsing between the 
bodily exit of the burnt gases from the cylinder 
and the subsequent reversal in direction of move- 
ment of t hese gases is a duration of time which 20 
is substantially constant. As & consequence, this 
Interval will extend over a larger crank angle at 
high engine speeds than at low engine speeds. 
Consequently the return of the burnt gaies Is 
more liable to exei*t an objectionable influence 25 
on the contents of the cylinder at low engine 
speeds. If the angular separation between ex- 
haust opening and inlet opening is also fixed, 
there will be a limiting low speed for which the 
return occurs too soon to permit the timing of 30 
inlet opening to be operative In the required 
manner. 

In general, therefore, the means according to 
the invention will have the effect of Improving the 
operation of the engine at low engine speeds and 35 
of extending the possible range of working speeds 
of the engine in the direction of low speeds. 

Preferably the said deflecting surfaces will be 
situated close to tb<» cylinder since the point where 
the bodv cf gases Tssuug from the cylinder re- 40 
bounds on the. externr \ gaseous medium is itself 
situated very near the exhaust orifice of the cyl- 
inder, and it is indispensable to place the device 
according to the invention between this exhaust 
orifice and said rebounding point in order that 45 
the obturation should be effected according to 
the method described. 

The invention fiirther .dcs an aiTanre- 
ment applicable in particular xo engines fo:* which 
very low speeds must I y. cha ined relatUely to 60 
their normal working 

In fact. In this case, the quantity of exhaust 
gases and their speed have very low valu s rela- 
tively to tho. c e corresponding to norm/J working 
conditions. 56 
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It is then difficult to form and maintain an ob- Figure 10 shows a similar arrangement to Ma- 
turating plug in the conditions above set forth, ure 9 with a different form of nonreturn valve, 
and this so much the more as. If the distribution Figure 11 shows another form of exhaust de- 
gear is adjusted for producing, between the open- vice in combination with a nonreturn valve and 
6 trig of the exhaust and that uf the inlet for the means for putting the said valve out of action at % 
following admission, & retardation corresponding normal running speeds. 

to a definite fraction of the cycle, the duration In these figures, the arrows indicate the dis- 
of this retardation is reversely proportional to the placement of the gases during their to-and-fro or 
speed of the engine; it results therefrom that whirling movement at a high speed utilized for 
10 the plug, already less important and less stable, the production of the obturating plug; the arrows 10 
as Just stated, should however be able to “hold” in full lines correspond to the forward movement, 
a longer time for allowing the charging of the and the arrows in dot and dash lines correspond 
cylinder to take place. to the return movement after rebounding. 

A first means provided by the invention for By way of example, it is assumed that this de- 
ls avoiding this inconvenience consists in the com- vice is applied to an engine having & cylinder 1 , 15 
bination, with the above walls, of a valve or other in which slides a piston 2 actuating the crank 
equivalent device, the operation of which is sat- shaft through the medium of a connecting rud S. 
isfactory at very low working speeds. 4 designates the inlet conduit, and 5 the inlet 

Moreover, even if. at the beginning of the ex- Waive controlled for instance by & push-rod and 


20 ha ust, this valve does not close with the desired 
rapidity, the formation of the plug by the body 
of gases gives time for this closing to take place, 
whereupon, even if the plug is prematurely de- 
stroyed, the valve remains closed and maintains 
25 the obturation during a sufficient time. 

The invention further provides another means 
which consists in suitably modifying the distri- 
bution gear, and particularly, the lapse of time 
between the exhaust and admission, in order that 
30 the period of time during which the obturating 
plug must “hold” should be, at low speed, reduced 
in the required proportions. 

Such a device can be constructed In any suit- 
able manner, for instance, by means of a sleeve or 
85 other adjustable obturator co-operating with the 
distribution ports, of a mechanism allowing to 
modify the angular position of the cams or other 
parts controlling the valve gear, etc. 

Tills device c&n be controlled either by hand, or 
40 automatically, for instance, by the variations of 
speed of the engine, or by the operation of the 
device controlling the admission of fuel (throttle 
valve of the carburettor, injection pump) etc. 

Use can also be mad-v for running in the ex- 
45 ceptional working conditions obtained during 
starting end until the engine nas acquired suffi- 
cient speed, of the means described In the above 
mentioned patent application, and which consists 
in blowing air into the cylinder. 

60 In the accompanying drawings. Figures 1 to 11 
illustrate various forms of carrying out the sub- 
ject-matter of the invention, which will be de- 
scribed hereinafter by way of example only. 

In these drawings: 

55 Figure 1 is a diagrammatic view of an engine 
cylinder, provided with an exhaust device accord- 
ing to the invention. 

Figure 2 is t sectional view of the exhaust de- 
vice shown in Ifigure 1. 

Figure 3 shows a modified form of exhaust 
device. 

Figure '4 f h )ws another modified form of ex- 
haust device 

Figure 5 show's a further modified form of ex- 
haust device provided with adjusting means. 

Figure 6 shows a further modified form, of ex- 
haust device provided with cooling means. 

Figure 7 shows a further modified form of ex- 
haust device provided with adjusting means. 

Figure 8 shows an exhaust device of multiple 
form. 

Figure 9 shows a form of exhaust device com- 
bined with a non-return valve for use at low en- 
75 gine speeds. 


rocker arm 5. 20 

7 designates the exhaust conduit opening in 
the cylinder through one or more ports 9 un- 
covered by the piston 2 when it comes near Its 
lower dead centre. 

This engine can be of the explosion type In 25 
which case it will be fed through the conduit 4 
with carburetted mixture, or of the combustion 
type, in which case it will be fed with, air only 
through the conduit 4 and with fuel through an 
injector 43 . 30 

According to the invention, on the exhaust con- 
duit 7 are arranged walls adapted to trap and 
guide, in the conditions set forth, the mass 
formed by the exhaust gases, whilst it has a 
movement at high speed, before it returns to the 35 
cylinder I. 

A first feature of this device resides in the fact 
that the axis X X of the exhaust conduit is pref- 
erably set downwardly, that is to say it forms, 
with the u ds Y Y of the cylinder, a relatively 40 
acute angk* a. More generally, the exhaust con- 
duit is set relatively to the cylinder, in order to 
impart a change of direction as small as possible 
to the body of gases, that is to say to check the 
same to the least possible extent. 45 

According to Figures 1, 2, the inner wall of 
the conduit 7 forms a toroidal cavity 9, opposite 
which is arranged a deflector i 0 according to the 
axis X X. 

This deflector has a conical portion iCa, the 60 
apex of which faces the cylinder I, and said de- 
flector is so set af to guide the gases, when they 
issue from the cylinder, towards the torus 9, ac- 
cording to Fi. 

The gases, trapped and guided by the inner 55 
wall of the torus, as well as by a portion i Ob of the 
deflector 10 which completes this torus, whirl 
according to T< ’a ard form an obturating plug. 

When the whirling movement comes to an end, 
the gases issue to the exterior through a free 60 
space f \ existing between the deflector 10 and the 
edge of the toiu~ 9, 

A portion of the g^ses can also pass directly 
through this space If without being trapped by 
the torus 8, and, r.ccording to the path indicated 65 
at Fa. rebounds as above set forth and returns 
according to Fh. It then encounters the deflec- 
tor 10, the down side end of which Is formed, rs 
indicated at 10c, for sending it into the torus 9 
according to F'a. 7° 

Th<s fraction of the gases then encounters the 
plug formed at Fa and is prevented from return- 
ing to the cylinder. 

By the time the whirling movement of the plug 
has come to an end, all the gases contained in the 75 
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conduit form a column which rapidly escapes, as tion by reducing the section of the passageway, 
stated. and by adjusting the walis of the device in such a 

Figure 3 illustrates a modification comprising, manner that they always trap the body of gases, 
in the wall of the exhaust conduit, a torus 9 upon Its return. In the same conditions, 
g similar to that of the form of construction previ- For that purpose, in the embodiment shown in 5 
ously described, and opposite this torus, a deflec- Figure 5, the deflector 15 Is slidably mounted on 
tor 12 constituting two walls 12 a, 12 b, which also a support 18 arranged according to the axis of 
guide the gases according to Fi — Fa. the exhaust conduit, In such a manner that it 

The difference relatively to the preceding form can be moved in the direction .of the arrow F 
10 of construction resides in the fact that the down for diminishing the section of the passageway IT 10 
side end of the deflector Is shaped, at 12 c, as a and moving the recess 15b towards the moss or 
portion of a torus, so as to trap the gases which body M when the working speed of the engine 
may have passed the torus 9 according to Fj and diminishes, or reversely, when this working speed 
have rebounded according to F'i, and to cause increases. 

15 them to form a second plug F' 3 , or again to send This sliding movement Is controlled from the 15 
them, according to F'4, tangentially to the first exterior by a lever 19 pivoted about a fixed stud 
plug so that they reinforce the same instead 2D; this lever can itself be actuated by hand, and, 
of running the risk of destroying it, as in the eventually, it can be held stationary In any pusi- 
flrst embodiment In which they are radially ad- tion. for instance by means of a slotted frame 21 
20 mitted. and of a clamping screw 22. 20 

In the modification illustrated in Figure 4 the Figure 6 illustrates a form of construction of 
torus 9 formed by the inner wall of the exhaust the same type as the preceding one, in which the 

conduit, terminates, on the down side, in a coni- deflector 23 comprises two elements arranged in 

cal incline 13. series and each forming, on the up side, a smooth 

25 The deflector 14 has, on the up side, two parts and continuous wall 23a, 23'a for allowing the 25 

14a— 14b which deflect the gases in the direction gases to freely escape during the forward inove- 

Fi— F 2 , so as to form a whirling plug as described, ment according to F« and. on the down side, a 

On the down side, it has a part 14c paraLel. or recess 23b, 23'b in the shape of a torus, 

nearly parallel, to the waU 13. Both these elements are respectively located 

30 in these, conditions, the fraction of the gases opposite two bulged portions IS, IS' of the ex- 30 
whicn has escaped according to Fa and has re- haust conduit. 

bounded according io F'i Is guided, between both The body of gases, when it returns towards the 
walls 14c — It. according to F'&, so as to tangen- cylinder according to F**, is trapped by the down 
tially enter the torus 9 and to form an eddy F'e side recess 23'b and forms, by whirling accord- 
35 which is added to the eddy Fa and reinforces the lug to F' 9 , an obturating plug: if a portion of this 35 
obturating plug. return wave passes beyond the recess 23'b, ac- 

In the preceding embodiments, the obturating cording to F'ie, it Is trapped by the up side recess 
plug is formed by the totality or a portion of the 23b which compels it to form, by whirling accord- 
ga^es during their forward movement. Devices ing to F' 11 , another plug, so that it is possible, by 
40 will be described hereinafter in which the walls means of these stepped recess»;s, to prevent in all 40 
according to the invention are arranged for al- cases any return of the gases to the cylinder, 
lowing the entire body of gases to freely pass dur- It is easy, if need be, to cool the walls of this 

ing its forward movement, and to trap It and device, in any suitable manner according to Fig- 

form the obturating plug during its return move- urc 6 , for instance, the water jacket 24 for cool- 
43 ment. ing the cylinder extends, at 24a, about the ex- 45 

The form of construction Illustrated in Figure haust conduit. 

5 comprises a deflector 15, arranged in a bulged Use can of course be made, according to cir- 

portion 16 of the exhaust conduit and so shaped cumstances, of deflectors having any number of 
as to present to the gases, on the up side, a smooth elements in series. According to Figure 7, for in- 
50 and continuous surface 16a of conical shape, ter- stance, the deflector 25 comprises three of these 50 
minating in a convex portion, in the shape of a elements. 

fraction cf a torus, and, on the down side, a Moreover, the inner wall also forms, towards 
cavity or recess 15b also in the shape of a torus. the down side, cavities or recesses adapted to trap 
When they issue from the cylinder, the gases the gases which may have passed beyond those 
55 enter the space 17 existing between the walls 15a of th . 1 deflector. 65 

and 16, and, these walls having a smooth and These recesses are indicated in the drawings, at 
continuous shape. Die movement and the peculiar 20. 26', 26", respectively opposite each of the ele- 
properties of the gases are not rub He ted to any ments of the deflector, and they terminate in 
perturbation. These gases escape at a high smooth and continuous walls 27, 27', 27' r adapted 
flO speed according to F« — Fs. they rebound on the to allow the gases to freely flow on their forward DO 
atmosphere, and return, also at a high speed, in movement, according to Fr. 

the form of a resilient body such as indicated at Upon their return movement, the gases are 
M. This body M is trapped by the recess 16b in trapped in particular by the down side recess of 

which It forms an obturating plug by whirling the deflector 25, according to F' 12 ; another portion 
<k> according to F't. is trapped by the down side recess 26" of the e<- D5 

The following arrangement has also been pro- haust conduit, according to F'n; the portion of 
vided In this apparatus: — the return vzave which has succeeded In passing 

When the working speed of the engine in- beyond both lho;e recesses is trapped by the fol- 
creases, it is advantagec *s to provide for the gases lowinr recesses of the deflector and exhaust 
70 issuing from the cylinder a passageway of larger conduit. 

cross section, in order to avoid checking these ThJ;; combination of both series of deflectors 
gases, the volume of which, and probably also provider, under a ve y reduced volume, sir: cavi- 
the speed, are more important. Reversely, when ties or recesses ensuring a very high efficiency of 
the working speed diminishes, it is advantageous the device. 

75 to always maintain the same conditions of opera- Figure * illustrates a device of the same type as 75 
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that shown In FI? jure 5 . and in which the follow- adapted to trap and guide, according to the 
ing improvement has been made; oq the down body of gardes during Its return movement, 
side of the deflector ll v a sleeve 28 Is arranged Finally, Figure 11 lUustimtes, In combination 
within the exhaust conduit and Is concentric with with u deflector 15' and a sleeve 28’. of the same 
5 the latter. type as those shown In Figure 8 , a check valve 45 5 

Upon their forward movement, the gases are longitudinally sliding on the deflector 15' and 
guided according to F* In the annular space 2§ urged towards its closing position by a returning 
existing between this sleeve and the exhaust con- spring 44. 

dult. Upon its return movement, the body of This valve 45 in combination with the toric 
10 gases M enters this sleeve and is guided by the recess IS’* formed on the down stream side of 10 
same, according to F'm, towards the cavity or the deflector 15' ensures the obturation of the 
recess 1 5b which thus traps it in better conditions, exhaust duct at low working speeds. 

Another advantage of this device consists In At normal working speed, the obturation is en- 
that, whefi a fraction only of the body of gases sured solely by the body of gases suitably trapped 
15 has rebounded on the external atmosphere, whilst and guided, the valve 46 being maintained out of 15 
the other fraction hsu not yet rebounded, both action, in the position indicated in dot and dash 
these fractions are separated by the sleeve 28, lines, by a push piece 47. 

and, instead of rubbing against each other they In this position, the returning spring 46 is en- 
respectively rub on the outer and inner smooth closed in a closed recess 45 and Is not subjected 
20 walls of this sleeve. to the action of the gases. 20 

The checking effect exerted on the gas is thus In the above examples, one cylinder only has 
considerably reduced, and this so much the more beer particularly considered, but any suitable ar- 
as the speed of each of the two fractions of gases ran gements can of course be provided for render- 
relatively to the sleeve is half the speed they have ing the invention applicable to a multi-cylinder 
25 relative to each other. engine. 25 

Figures 0 to 1 1 illustrate devices comprising the I claim: 
combination of deflectors adapted to trap the 1, In an internal combustion engine having a 
bodies of gases and of obturating valves, which cylinder, a piston moving in this cylinder and con- 
combination is mainly applicable to engines which nected to a crank shaft and inlet and exhaust 
30 are to reach very low speeds, as previously ex- orifice* on the cylinder for in; 1 educing a com- 30 
plained. bustible mixture and discharging the products of 

According to Figure 0, a support Id is mounted combustion respectively, and wherein for recharg- 
In the exhaust conduit and is perforated, towards ing the cylinder the exhaust gases are allowed 
the up side, with an axial channel in which slides to leave the cylinder substantially in their en- 
35 the tail I la of an automatic obturating valve II. tircty and the fresh charge Is allowed to enter the 35 
This valve II Is urged towards its closing posi- cylinder In the interval occurring between the 
tion by a lever 12 pivotally mounted on a fixed above-mentioned exit of the burnt gases and the 
stud IS, and urged in onrKvdte direction to the subsequent retur^ movement of the burnt gases, 
arrow F' by a tappet 14 pivotally mounted on a au exhauslcondi.it leading; from said exhaust ori- 
40 stud 35 and controlled by any suitable returning flee, a body within said exhaust conduit at a zone 40 
spring. located nearer the exhaust orifice than the point 

The studs II, 8?, as well as the returning spring, of return of the burnt gases, and means for sup- 
are arranged In a cosing jg placed outside the porting said body concentrically with respect to 
exhaust conduit. said exhaust conduit, ls.16, body having a toroidal 

45 The end of the lever 12 bears on an adjustable cavity directed away from the engine cylinder and 45 
push piece 11 constituting the end of the valve having a progressively decreasing configuration 
tail piece I to. in the direction of said cylinder, whereby a free 

The lubrication of this valve tall piece is en- outflow Is provided for the burnt gaces but their 
sured by a lubricator 18. return to the cylinder is hindered by the forma- 

50 On the oth r hand, the support 16 forms, on tion in and by said toroidal cavity of a whirling ^ 
the down side, a cavity or recess 19 which traps gaseous plug consisting of at ie&st a portion of the 
the return wave, returning according tcFu, and returning burnt gai es. 

guides it so as to form a plug according tc F'i*. 2. In an internal comtmstiGn engine having a 

This obturation, ensured by the combined ac- cylinder, a piston moving in this cylinder and con- 
55 tion of the recess 29 and valve II, can be further nected to a crank shaft and inlet and exhaust 55 
Improved by the use of a valve so arranged os to orifleer on the cylinder for introducing a com- 
constitute a wall which traps and suitably guides bustible mixture and discharging the products of 
the body of gases. In the example under consid- combustion respectively, and wherein for recharg- 

eratlon, the valve II Lj in the shape of a cone big the cylinder the exhaust gases are aUowed 

80 flared towards the down side, and constitutes a to leave the cylinder substantially in their entire- 50 

cavity or recess 48 which can trap and stop the ty and the fresh charge is allowed to enter the 

body of gases, even if the valve Is not yet re- cylinder in the interval occurring between the 

closed, It is moreover to be noted that the action above-mentioned colt of the burnt gases and the 
of the body of gases on the bottom of this recess subsequent return movement of the burnt gases, 

05 48 tends, on the other hand, to accelerate the an exhaust conduit leading from said exhaust 05 

closing movement of the valve. orifice, a bod* located within said exhaust con- 

Ar wording to Figure 10, the valve Is constituted dull in spaced relation with respect to the inner 
by very light resilient blades 41, clamped, at cne wall thereof and at a zone nearer the exhaust 
end, between the Inner wall of the exhaust con- orifice than the point of return of the burnt 
70 duit jLtid a Axed support 42. gases, and means for supporting said body eo- 70 

In closed position the free ends of these blades axially with respect to said exhaust conduit, said 
press upon a bearing portion 4k o I an axial de- body having the form of a cone with Its apex di- 
flector 41. reeled towards the cylinder and having a toroidal 

Tills deflector £3 forms, on the other hand, on cavity to its base whereby a free outflow is pro- 
75 the down side, a recess 44, In the shape of a torus, vlded for the burnt gases but their return to the 75 
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cylinder is hindered by the formation in and by 
said toroidal cavity of a whirling gaseous plug 
consisting of at least a portion of the returning 
burnt gases. 

$ 3. In an Internal combustion engine having a 

cylinder, a piston moving In this cylinder and 
connected to a crank shaft and Inlet and exhaust 
orifices on the cylinder for Introducing a com- 
bustible mixture and discharging the products of 
10 combustion respectively, and wherein for re- 
charging the cylinder the exhaust gases are al- 
lowed to leave the cylinder substantially in their 
entirety and the fresh charge is allowed to enter 
the cylinder in the Interval occurring between 
15 the above-mentioned exit of the burnt gases and 
the subenquent return movement of the burnt 
gases, an exhaust conduit leading from said ex- 
haust orifice, said exhaust conduit having at a 
zone located nearer the exhaust orifice than the 
*0 point of return Of the burnt gases, an interme- 
diate portion of greater Internal cross-sectional 
area than the cross-sectional area at the cylin- 
der, a body located within said Intermediate por- 
tion, and means for supporting said body coax- 
26 telly with respect to said exhaust conduit, said 
body having the form cf a com with its apex di- 
rected towards the cylinder and having a toroidal 
cavity in its base whereby a free outflow is pro- 
vided for the burnt gases but their return to 
60 the cylinder is hindered by the formation in and 
by said toroidal cavity of a whirling gaseous plug 
consisting of at least a portion of the returning 
burnt gases. 

4. In an iutern&l comb*i5.tion engine having a 
36 cylinder, a piston moving in thin cylinder and 
connected to a crank shaft and inlet and exhaust 
orifices on the cylinder for introducing a com- 
bustible mixture rmd discharging the products of 
combustion respectively, and wherein for recharg- 
40 ing the cylinder the exhaust gases ani allowed 
to leave the cylinder substantially in their en- 
tirety ard the fresh charge Is allowed to enter 
the cylinder in the Interval occurring between 
the above-mentioned exit of the burnt gases and 
45 the subsequent return movement of the burnt 
gases, an exhaust conduit leading from said ex- 
haust orifice, a body located within said exhaust 
conduit in spaced relation with respect to the 
inner wall thereof and at a zone nearer the er- 
67 Faust orifice than the point of return of the 
burnt gases, means for supporting said body co- 
axially with respect to said exhaust conduit with 
freedom for axial movement, said body having 
the form of a cone with its apex directed towanls 
65 the cylinder and having a toroidal cavity In its 
base wheieby a free outflow is provided for the 
burnt gases but their return to the cylinder is 
hindered by the formation in and by said toroidal 
cavity of a whirling gaseous plug consisting of 
60 at least a portion of the returning burnt gases 
and means for axially displacing said body with- 
in said exhaust conduit whereby the section of 
passage between said body and the inner wall 
of the exhaust conduit may be varied. 

M 6. In an internal combustion engine having a 
cylinder, a piston moving in this cylinder and 


connected to a crank shaft and inlet and exhaust 
orifices on the cylinder for introducing a com- 
bustible mixture and discharging the products of 
combustion respectively, and wherein for recharg- 
ing the cylinder the exhaust gases are allowed 5 
to leave the cylinder substantially In their en- 
tirety and the fresh charge Is allowed to enter 
the cylinder In the interval occurring between 
the above-mentioned exit of the burnt gases and 
the subsequent return movement of the burnt 10 
gases, an exhaust conduit leading from said ex- 
haust orifice, a body within said exhaust conduit 
at a zone located nearer the exhaust orifice than 
the point of return of the burnt gases, means 
for supporting said body concentrically with re- 15 
spect to said exhaust conduit, said body having 
a toroidal cavity directed away from the engine 
cylinder and having a progressively decreasing 
configuration in the direction ox said cylinder, 
whereby a free outflow is provided for the burnt 20 
gases but their return to the cylinder is hin- 
dered by the formation in and by said toroidal 
cavity of a whirling gaseous plug consisting of 
at least a portion of the returning burnt gases, 
a sleeve located within said exhaust conduit im- 25 
mediately beyond said body and means for sup- 
porting said sleeve concentrically with respect to 
said exhaust conduit whereby the burnt gases 
during their outflow pass between the exhaust 
conduit and the sleeve and on their return pass 30 
within said sleeve to said toroidal cavity. 

6. In an internal combustion engine having a 
cylinder, a piston moving in this cylinder and 
connected to a crank shaft and inlet and exhaust 
orifices on the cylinder for introducing a com- 35 
bustible mixture and discharging the products of 
combustion respectively, and wherein for re- 
charging the cylinder the exhaust gases are al- 
lowed to l*ave the cylinder substantially in their 
entirety and the fresh charge Is allowed to enter 40 
the cylinder in the interval occurring between the 
above-mentioned exit of the burnt gases and the 
subsequent return movement of the burnt gases, 
an exhaust conduit leading from said exhaust 
orifice, a body within said exhaust conduit at a 45 
zone located nearer the exhaust orifice than the 
point of return of the burnt gases, means for sup- 
porting said body concentrically with respect to 
said exhaust conduit, said body having a toroidal 
cavity directed away from the engine cylinder 55 
and having a progressively decreasing configura- 
tion in the direction of said cylinder, whereby a 
freo outflow is provided for the burnt gases but 
their return to the cylinder is hindered by the 
formation in and by said toroidal cavity of a 55 
whirling gaseous plug consisting of at least a por- 
tion cf the returning burnt gases and an auto- 
matic valve located in said exhaust conduit near- 
er the cylinder than said toroidal cavity and 
adapted to open and allow the burnt gases to pass 60 
beyond said body and to reclose and prevent the 
return of the burnt gases to the engine cylinder. 

7. The combination as claimed in claim 0 in- 
cluding means for maintaining said automatic 
valve open except at low engine speeds. 65 

MICHEL KADENACY. 
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The present invention relates to two stroke 
cycle iztomrA combustion engines wherein the 
vacuum or high depression left in the cylinder by 
the discharge of the burnt eases substantially as a 
5 mass In an interval of time shorter than that re- 
quired for the burnt gases to expand down to the 
ambient atmospheric pressure by adiabatic flow 
Is utilized lor introducing the fresh charge 
through an inlet which is opened while the ex- 
10 haust port is open and when the said issuance 
of the burnt gases is in full progress and causes 
a suction effect to be exerted in the cylinder, all 
as set forth In the applicant’s Patent No. 
2,102,559, granted December 14, 1937. 

15 The object of the invention is to provide an 
improvement in the operation of such engines 
whereby the output m&j be maintained over a 
wide range of speeds. 

In the accompanying drawing, by way of exam- 
fA Pi®* 

Figure 1 is a diagrammatic view of an engine 
according to the invention. 

Figure 2 is a diagram showing the action of the 
device for controlling the distribution. 

7 t will be assumed, for instance, that an en- 
gine. in the cylinder (or in each cylinder) I of 
which slide two dlametrally opposed pistons 2, 3. 
is under consideration. The piston 3 is connected 
by a rod 20 with the crank arm 21 of a crank 
O0 shaft 22. The other piston 2 Is connected by a 
rod 23 with a cross heed 2 C slidably mounted in 
guides 25. The cross head 24 is connected by a 
rod 25 with a crank arm 21 « arried by the crank 
shaft 22 and arranged in opposed relation to the 
35 crank arm 21. 

Admission takes place throieh two conduits 4 
opening in the w&ii cl the cylinder 1 through 
ports 5 , and exhaust is effected through a con- 
duit 5 opening in the wall of the cylinder I 
40 through a port 1. Both ports 5 and 1 are respec- 
tively uncovered by the pistons 2 and 3. when the 
latter approach their “bottom” dead centre, that 
is to say the position opposed to that correspond- 
ing to maximum compression. 

45 This engine operates in the following manner. 
At the end of the firing stroke, the piston 3 
uncovers the port 1 , and. the body of burnt gases 
resiliently rebounds between the cylinder wall and 
the gaseous atmosphere existing in the conduit S. 
50 whereupon, under the influence of the repeated 
shocks to which it has been subjected, this gase- 
ous atmosphere is in its turn set in moticn, and 
the burnt gases leave the cylinder as a mass form- 
ing with the gaseous atmosphere, in the conduit 
65 8 , a column which escapee at a high speed and 


produces in the cylinder a shock similar to a 
negative water hammer, that Is to say a suction 
effect. 

It is at this moment that the piston 2 uncovers 
tbs ports 5, so that the cylinder Is automatically g 
and completely filled up, and, when the gaa col- 
umn, checked on the down side by the atmos- 
phere It encounters, tends to return into the cyl- 
inder, its re-entry into the latter is opposed by the 
charge of fresh air (or of carburetted mixture) jq 
which has just been admitted therein. 

According to the invention, the above condition 
is maintained at varying engine speeds by the 
provision of an adjusting device whereby the 
lapse of time between the opening of the exhaust 15 
and that of the inlet can be varied. 

In the example under consideration, this ad- 
justment Is obtained by means of sliding sleeves 
8 . 9 , interposed between the cylinder I and the 
pistons 2 and 3, respectively, and provided with 
ports 10,11 opposite the ports 5, 7. ** 

The arrangement and the respective levels of 
the various ports are such that by causing the 
sleeves 8 , f J to slide in the cylinder, the distribu- 
tion is modified; by moving the sleeve 8 in the 
direction of Fi, the opening of the Inlet Is re- 
tarded, and, by moving the sleeve 9 in the direc- 
tion of Fa, the opening of the exhaust is retarded, 
the reverse effects being obtained if the sleeves 
8 and 9 are moved in the opposite directions to __ 
those indicated. 

These displacements are controlled by pinions 
12 , 13 respectively meshing with racks 14 , 15 , 
longitudinally arranged on the outer walls of the 
sleeves 8, 9. ** 

Figure 2 is a circular diagram showing various 
positions of the distribution system; F designates 
the direction of rotation of the engine; the points 
OEI, OE2, OE3 designate different positions of 
exhaust opening, and the points OAI, OA2, OA3, 40 
different positions of inlet opening. 

When the posidois of the sleeves 8, 9 are such 
that the exfcaust opens at OEI, and the admis- 
sion at OAI, the angular retardation of the ad- 
mission relatively to the exhaust has a relatively 45 
great value a. This arrangement corresponds to 
a high speed of rotation of the engine, since, not- 
withstanding this high angular value, this retar- 
dation must have, in terms of time, a value which 
is always relatively small in order that the ch&rg- 
ing shall be effected before the tail end of the col- 
umn of exhaust gases has had the time to re- 
turn into the cylinder. 

If the sleeve 9 is moved in the direction of the 
arrow Fa. the opening of the exhaust port is re- g® 
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tarded, the exhaust then takes place at a point 
such as OBI, and, If the sleeve I Is moved in a 
direction opposed to that ol the arrow Pi. the 
opening of the Inlet Is advanced, the admission 
g then occurlng at a point ouch as OA2. 

For this new arrangement, the angular retar- 
dation o i me opening of me inlet relatively to that 
of the exhaust Is now only p and this, from what 
has been stated, corresponds to a lower speed of 
iA the engine. 

Finally, the arrangement EOS — OAS of Fig- 
ure 2 dia grammatically Illustrates a still smaller 
angular retardation a corresponding to a still 
lower speed of the engine. 

15 It Is of course to he understood that the engines 
to which the present invention is applied may 
comprise any of the expedients described in Pat- 
ent No. 2,102,559 above referred to. 

I claim: 

M A two stroke cycle internal combustion engine 


having a cylinder, exhaust and inlet orifices In 
the cylinder, an exhaust conduit on the exhaust 
orifice, means for to controlling the exhaust ori- 
fice during the firing stroke as to ensure the is- 
suance of the burnt gases as a mass, whereby the 
said mass moves outward and thereafter return* 
from a point which may be within the said con- 
duit, the said conduit providing a permanent free 
passage for the burnt gases to the limit of out- 
ward travel of said gases, means for so controlling jo 
the Inlet orifice as to ensure that it will be opened 
while the exhaust orifice is sUll open and when 
the said issuance of the burnt gases Is in full 
progress and produces a suction effect in the cyl- 
inder, and means for varying the angular retar- 
dation of admission relative to exhaust, whereby 
the desired timing of inlet opening may be estab- 
lished for varying engine speeds. 

MICHEL KADSNACY. 
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The invention relates to two-stroke internal 
combustion engines, wherein the evacuation ol 
the cylinder by the bodily displacement of the 
burnt gases from the cylinder Into the exhaust 
6 system is utilised for the purpose of introducing 
a fresh charge by controlling the inlet orifice to 
open for the introduction of the said charge when 
the exhaust gases are moving outwardly through 
the exhaust port or duct as a consequence of this 
10 bodily displacement from the cylinder. 

In such an engine two disturbing factors occur 
which may have an objectionable action upon 
the charge introduced into the cylinder. 

When the gases have reached the end of their 
15 outward travel as a consequence of their bodily 
displacement from the cylinder their movement 
is reversed in direction and the return impact, if 
the exhaust port is then still open, may cause the 
charge in the cylinder to be fouled and some of 
20 this charge to be forced out of the inlet ports. 

In any case when this reversal in direction 
occurs it will tend to arrest the further entry of 
air through the inlet ports. 

Further, if the inlet ports close at the end of 
25 the charging period before the exhaust ports are 
closed and the mass of burnt gases is then stiU 
moving outwardly through the exhaust system, 
this may cause some of the charge contained in 
the cylinder to be drawn into the exhaust system 
30 through the open exhaust ports. 

The object of the ^invention is to provide means 
whereby the objectionable actions of an untimely 
return of the burnt gases or of a prolonged suc- 
tion in the exhaust system may be minimised. 

35 The invention will now be described with ref- 
erence to the accompanying drawing, in which: — 
Figure l relates to one embodiment of the In- 
vention In which the issuing mr.ss of burnt gases 
is directed on to a small gaseous mass in the 
40 exhaust system and exerts its pressure on the 
main atmosphere in a continuous manner. 

Figure 2 relates to an embodiment in which 
the explosion gases are constrained to follow an 
elongated spiral path. 

45 Figure 3 relates to an embodiment in which 
the explosion gases escape to the atmosphere 
gradually. 

Figure 4 is a section of Figure 3 on line 0 — 8 
looking in the direction of the arrows. 

50 In the arrangement illustrate I in Figure l, 
the exhaust pipe comprises a rhort duct J for 
connection to the cylinder 10, a duct 2 in con- 
tinuation of the duct I and leading to the atmos- 
phere. and between these two portions an annular 
gg chamber 1 arranged as a by-pass on the m ai n 


exhaust pipe I, 2 and In open communication 
with both I and 2 . 

The body of explosion gases leaving the engine 
cylinder encounters a reflecting surface 4 on the 
wall of the duct opposite the entry to the chain- 5 
her I, which is situated so as to direct the said 
body into the annular chamber 3, the volume 
of which will be substantially the same as that of 
the engine cylinder. 

The gases then follow by a series of reflections 10 
a continuous path in the chamber 3 while exert- 
ing a component of their force upon the m ain 
mass in the duct 2 . 

The face of the gaseous column in the duct 2 
in this case forms a reflecting surface on which 15 
the gases impinge, and which yields as the at- 
mospheric column in the duct 2 is put into move- 
ment in the direction of exhaust. 

In the arrangement illustrated In Figure 2, an 
assembly of fixed guide vanes or blades 5 is 20 
mounted in the exhaust duct 8 in order to Impart 
to the issuing explosion gases a whirling or screw 
motion. 

This assembly will be fitted as close as possible 
to the cylinder and between the engine and the 25 
silencer. The area of* passage for the gases will 
be made such that the volume of gases dealt 
with can pass freely. 

The blades 5 act as deflecting surfaces and, 
in combination with the enclosing walls of the 80 
duct 6, impose rotary forward movement on the 
erploslca gases whereby the absolute velocity of 
the latter is not appreciably reduced but the 
relative speed of forward motion is reduced but 
never wholly destroyed. 35 

The body of explosion gases is thus made to 
act like a screw action upon the atmospheric 
mass in the duct 6, so as to exert a continuous 
pressure on the latter, until this atmospheric 
resistance is broken down and the explosion gases 40 
can escape. 

The arrangement shewn in Figure 3 differs 
from the foregoing in that the exhaust duct is 
no longer, properly speaking, freely open to the 
atmosphere. 

In this case the exhaust duct opens into the 
annular chamber 8 , forming a closed circuit, 
situated preferably as close as possible to the lat- 
ter and having a volume a little larger than the ^ 
cylinder volume. 

The explosion gases project from the cylinder 
and encounter deflecting surfaces formed by the 
walls of the duct 7 which direct them into the 
chamber 8 and in this chamber they undergo a 54 
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scries of deflections which compel th*m to follow 
a continuous closed path in this chamber. 

The peripheral walls of the chamber • are 
provided with small orifices I leading' to the afc- 
6 moephere and suitably directed to facilitate the 
escape of the explosion gases. 

The explosion gases circulating without loss 
of absolute velocity in the chamber I are thus 
projected gradually into the external Atmosphere 
10 through the orifices I and any return to the 
cylinder by rebounding from the external at- 
mospheric mass is thus prevented. 

It will be understood from the foregoing that 
all the devices described are adapted to cause the 
15 issuing mass of burnt gases to travel along an 
elongated path without thereby increasing the 
resistance to motion of the gases along this path 
and that the devices do not obstruct the outflow 
of the burnt gases in any way or comprise any 
20 surfaces which would tend to reflect the mass 
of burnt gases back towards the cylinder. 

It will also be understood from the foregoing 
that in order to be effective, the devices according 
to the invention must be placed nearer the cyl- 
25 inder than the point from which the rebound of 
the gases to the cylinder would occur, as they will 
otherwise have no influence in p**eventing ♦hi* 
rebound. 

With all the devices hereinbefore described, the 
30 vacuum is maintained in the cylinder during a 
period of time amply sufficient to permit the 
cylinder to be recharged by atmospheric pressure 
if desired. 

The objectionable effect of a return of the 
35 burnt gases towards the cylinder is attenuated 
or wholly destroyed. A loss of charge due to a 
prolonged suction In the exhaust system Is aiso 
reduced or avoided completely according to the 
position in which the device is placed in the ex- 
40 haust system, since it will be understood that 
the volume of the void left in the cylinder and in 
the exhaust system by the issuing mass of burnt 
gases will depend upon the distance the device 
according to the invention is placed from the 
46 cylinder. 

I claim: 

1 . A two stroke cycle internal combustion en- 


gine wherein the burnt gases are discharged from 
the cylinder into an exhaust conduit substantial- 
ly as a mass whereby the said mass moves out- 
ward and thereafter returns towards the cylinder 
from a point which may be within the said ex- § 
haust conduit, and wherein an inlet Is opened for 
the Introduction of fresh charge while the ex- 
haust port is still open and when the said is- 
suance of the burnt gases is in full progress and 
causes a suction effect to be exerted in the cyl- j 0 
inder. the said exhaust conduit providing a free 
passage for the burnt gases to the limit of out- 
ward travel of said mass and having a chamber 
in connection with said passage and wherein 
substantially the whole mass of burnt gases after lft 
leaving the cylinder is guided and is caused to 
adopt a whirling motion a compact mass 
whereby the outward motion of the said mass is 
prolonged and the rebound of said mass towards 
the cylinder is delayed and reduced in Intensity. ^ 
2 . A two-stroke cycle internal combusuon en- w 
gine wherein the burnt gases are discharged from 
the cylinder into an exhaust conduit substan- 
tially as a mass whereby the said mass moves out- 
ward and thereafter returns towards the cylinder „ 
from a point which may be within the said ex- ** 
haust- conduit, and wherein an inlet is opened 
for the introduction of fresh charge while the 
exhaust port is still open and when the said is* 
suance of the burnt gases is in full progress and ^ 
causes a suction effect to be exerted in the cyl- 
inder. the said exhaust conduit providing a free 
passage for the burnt gases to the limit of outward 
travel of said mass and having & chamber in 
connection with said passage into which sub 4 gg 
stantlally the whole mass of burnt gases is guided m 
after , saving the cylinder, the axis of the cham* 
ber being in line with th»t of the exhaust con- 
duit, said chamber having substantially the same 
volume as the engine cylinder and having a , 
widened portion in which stationary guiding * 
blades are positioned, which give a spiral motloh 
to the burnt gases, whereby the outward motion 
of the said mass is prolonged and the rebound of 
said mass towards the cylinder is delayed and . 
reduced in intensity. w 

MICHEL KADENACY. 
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This invention relates to two-stroke cycle in- 
ternal combustion engines wherein the burnt 
gases leave the cylinder at a speed higher than 
that obtaining when adiabatic action only is in- 
5 volved and in such a short time interval that they 
are discharged wholly or substantially wholly 
from the cylinder into the exhaust system as a 
mass leading behind them a high depression 
which may reach a complete vacuum. 

10 In such an Internal combustion engine when 
the exhaust port opens there is first a period of 
delay during which no appreciable movement 
takes place in the gaseous medium external to the 
exhaust orifice and after this delay has elapsed 
15 the burnt gases issue from the cylinder as a mass 
at high velocity and leave a profound depression 
behind them in the cylinder and also in the ex- 
haust pipe close to the cylinder. A reversal in 
direction of motion of the burnt gases then fol- 
20 lows, whereupon the depression is first destroyed 
and then the pressure rises above atmospheric 
pressure in the exhaust duct adjacent the cylinder 
and in the cylinder itself, if the exnaust orifice is 
then open. 

The occurrence of the above mentioned de- 
pression, its duration and Its cessation can be 
determined by known means, and if an inlet 
orifice is opened in the cylinder after the exhaust 
orifice opens, but with only the required delay to 
ensure that the mass of burnt gases is then mov- 
U ing outwardly through the exhaust orifice or duct 
and causes a suction to be exerted at the inlet 
orifice as a consequence of said mass exit from the 
cylinder, a fresh charge may be admitted through 
35 the said inlet orifice by atmospheric pressure only. 

Now the interval elapsing between the com- 
mencement of opening of exhaust and the re- 
versal in direction of motion of th* burnt gases 
subsequent to their mass exit from the cylinder is 
40 a duration cf time which is largely independent of 
the engine speed; consequently this interval will 
extend over a larger crank angle at high engine 
speeds than at low engine speeds. 

If the reversal in direction of motion of the 
45 burnt gases occurs too soon and while the exhaust 
orifice Is still open, burnt gases may re-enter the 
cylinder, and if the inlet orifice is then also open 
some of the fresh charge may be forced out of the 
cylinder. On the other htnd, if the inlet orifice 
50 closes while a depression still exists in the exhaust 
duct end the exhaust port is then still epen, this 
may muse some of the fresh charge to be drawn 
out of >,he cylinder into the exhaust system. 

The former of these objectionable actions is 
66 most likely to be exerted at low speeds and the 
latter at high speeds. According to the present 
invention a quantity of fresh gases is admitted 
or introduced into the exhaust system during the 
exhaust period. These fresh gases may serve for 
60 delaying the return of the burnt gases and ob- 


structing their re-entry into the cylinder, or for 
combatting any loss of charge due to a prolonged 
suction in the exhaust duct, and in this way the 
charging of the cylinder will be improved. 

In order to satisfy the requirement of the in- 5 
vention the fresh gases must be introduced or 
admitted into the exhaust system while the ex- 
haust orifice is still open and at a point in the 
exhaust duct situated nearer the cylinder than 
the point in this duct from which the return of 10 
the burnt gases occurs, and the Introduction or 
admission must occur after the mass exit of the 
burnt gases from the cylinder and before their 
return into the latter. 

II the fresh gi.ses are admitted by atmospheric xs 
pressure, then this admission can only be made 
while there is 3 till a depression in the exhaust 
duct, and the means employed for this purpose 
must be such that they establish communication 
between the interior of the exhaust duct and the 
source of fresh gases only when this depression 
exists in the exhaust pipe. 

If the introduction is effected under a pressure 
higher than atmospheric, there will normally be 
no advantage in commencing this introduction 
before the mass exit of the burnt gases occurs as 
this will simply increase the pressure required for 
effecting the introduction; and there will be no 
advantage in continuing it after the closure of the 
exhaust orifice as it will then cease to be of use. 

In order to obtain an advantage from this in- 
troduction under pressure an economy must be 
effected in the quantity and pressure of the fresh 
gases injected. The injection pressure will vary 
according to the depression in the exhaust duct 35 
and according to the effect it is desired to obtain; 
and it will also vary according to the output and 
type of engine. 

II this introduction is made with the object ul 
combatting or delaying the return of the burnt 40 
gases, it will thus not be advantageous to effect 
the injection of fresh gases into the exhaust duct 
at moments when this high depression exists in 
the working chamber and in the exhaust duct. 

The most advantageous moment for effecting 46 
this injection will then be Immediately before 
the said return wave occurs, so as to oppose and 
even prevent the returning burnt gases from re- 
entering the engine cylinder and pushing out the 
new charge admitted to the latter. 50 

The quantity and volume of these injected 
gases, in order to avoid any waste of energy must, 
in general, be Introduced not sooner than the 
moment when the return wave occurs and must 
not continue later than the closure of the exhaust 65 
orifice. 

In this way the duration of the suedon exerted 
by the cylinder will be prolonged, thereby im- 
proving the charging of the engine 
If the injection or admission of fresh gases into 60 
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the exhaust duct Is effected at bottom dead centre, 
this will generally be found satisfactory for the 
purposes above stated. Most usually It will com- 
mence shortly after bottom dead centre and it is 
5 obvious that It is useless to continue this injection 
or admission after the closure of the exhaust 
orifice. 

The introduction or admission of fresh gases 
may be so disposed relative to the closure of 
10 exhaust and the occurrence of the return of the 
burnt gases that the latter may overcome the 
Inertia of the fresh gases and may even force 
them Into the cylinder. The effect of this will 
be to force fresh gases into the cylinder and not 
15 burnt gases. 

In the case when the exhaust orifice remains 
open longer than the inlet orifice, this effect may 
cause the final charge contained in the working 
chamber to be slightly above atmospheric pres- 
20 sure at the moment of closure of the last orifice 
and before the compression stage. 

Further the quantity of fiesh gases introduced 
into the exhaust duct and thereafter forced into 
the cylinder by the return expansion of the burnt 
25 gases may even be sufficient, to form the working 
charge of the engine, in which case separate in- 
let orifices on the cylinder may be lispensed with. 

One embodiment of the invention in which a 
charge is introduced <nto the exhaust pipe of an 
30 engine under pressure is illustrated in the ac- 
companying drawing, in which — 

Figure 1 is a cro^s section through an engine 
provided with means for carrying the inventon 
into effect. 

35 Figure 2 is a timing diagram applicable to such 
an engine. 

The drawing shows an engine comprising a 
cylinder block I mounted on a crank case 2, and 
in which moves a piston 3 driven by the con- 
40 necting rod 4 from the crank shaft 5 . 

The cylinder is provided with piston operated 
inlet and exhaust ports 6 and 7 and in the ex- 
ample chosen, the inlet ports 6 communicate 
with the atmosphere and open very shortly after 
45 the exhaust ports open; the interval between ex- 
haust opening and inlet opening being estab- 
lished so as to ensure that inlet opens with the 
required delay tc ensure that the burnt gases are 
then moving outwardly through the exhaust port 
50 or duct and cause a suction to be exerted at the 
said inlet. 

The skirt of the piston comprises a further 
port 8 co-operating with the ports 6 when the 
piston rises in order to permit a charge of air to 
55 be drawn into the crank case. 

The crank case also communicates through a 
duct 9 in the cylinder block with an injector noz- 
zle 10 extending within the exhaust duct in the di- 
rection of outlet and situated close to the exhaust 
00 port. This duct 9 is controlled by suitable means 
such as the rotary valve 1 1 suitably actuated so 
as to open and close at required moments during 
the cycle of operations of the engine. 

On the firing stroke the piston 3 opens the ex- 
05 haust port 7 and then the inlet, port 6 for the 
admission of the working charge, while compress- 
ing the air which has been drawn into the crank 
case 2 during the preceding upward stroke of the 
piston 3 . 

70 Shortly after bottom dead center, the rotary 
valve 1 1 opens and puts the crank case into com- 
munication with the nozzle 10 so that a com- 
pressed charge of air from the crank case Is in- 
jected through this nozzle into the exhaust duct. 

15 The period during which the crank case charge 


Is transferred through the nozzle 10 into the 
exhaust duct is shown In Figure 2 , in which EO 
and EC represent exhaust opening and closure, 

AO and AC represent the opening and closing of 
the Inlet on the cylinder through which the fresh 5 
charge is Introduced into the latter and CO and 
CC represent the commencement and termination 
of the injection into the exhaust duct. It will be 
seen that this injection commences shortly after 
bottom dead centre and terminates at or about 10 
the closure of the exhaust port. 

As already mentioned the injection or admis- 
sion of fresh gases into the exhaust duct may be 
so applied that these gases serve to charge the 
cylinder through the exhaust duct. 15 

For example, the exhaust duct may comprise 
orifices situated close to the cylinder and con- 
trolled by automatic one way valves adapted to 
open Into the exhaust duct when a high depres- 
sion exists therein as a consequence of the mass 20 
exit of the burnt gases from the cylinder, and to 
close when this depression is destroyed. 

Such valves may, for example, be formed of 
very light blade springs controlling orifices open- 
ing to the atmosphere. 25 

If these valves or the like and the orifices they 
control are suitably designed, the high depression 
left in the exhaust duct when the burnt gases are 
discharged as a mass from the cylinder, will cause 
the valves to open and admit air Into the ex- 30 
haust duct. When the return occurs, these valves 
will automatically re-close and the fresh air en- 
closed in the exhaust duct will be driven into the 
cylinder by the return wave and thereby charge 
the latter through the exhaust port. In this case 35 
a separate admission port may become un- 
necessary. 

It should be clearly understood that the fresh 
gases admitted or introduced into the exhaust 
duct may be utilized simply for improving the 40 
charging of the engine by opposing the re-entry 
of the burnt gases into the working chamber or 
additionally for providing all or a part of the 
fresh charge supplied to the cylinder, whether the 
charge is admitted by atmospheric pressure or 45 
injected under compression. 

It should be noted that the action which 
creates the suction effect occurring in engines ac- 
cording to the present invention originates in the 
cylinder and is propagated from the cylinder into 50 
the exhaust duct, in that this suction effect is 
caused by the exit of at least a substantial portion 
of the burnt gases from the cylinder at a speed 
greatly in excess of the speed obtaining when 
adiabatic action only is involved and in such a 55 
short interval of time that it is discharged as a 
mass. In carrying out the present invention 
the natural tendency of the burnt gases to 
project themselves from the cylinder as a mass 
should be facilitated and not opposed, that is to 60 
say the area of the exhaust orifice available for 
the discharge of the burnt gases should be as 
large as possible and the interval of time in which 
the area required for this discharge of the burnt 
gases is made available should be as short as pos- 65 
sible in order to v>tain the most satisfactory 
results. 

I claim: 

1. In a two-stroke cycle internal combustion 
engine of the kind described the combination 70 
with a cylinder having an inlet port and an ex- 
haust port, an exhaust duct leading from the 
exhaust port and means for opening inlet after 
exhaust opens but only with the required delay 
to ensure that the burnt gases are then moving 75 
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outwardly through the exhaust port and cause 
& suction to be exerted at inlet as a consequence 
of their mass exit from the cylinder, of means 
for introducing a quantity of fresh gases, into the 
5 exhaust duct under pressure during the exhaust 
period of the engine, said introduction com- 
mencing immediately before a return wave of the 
exhaust gases occurs. 

2. In a two-stroke cycle internal combustion 
10 engine of the kind described, the combination 

with a cylinder uaving an exhaust port and an 
exhaust duct leading from said exhaust port, of 
an orifice on said duct intermediate its length, a 
source of compressed gaseous fluid, distribution 
15 means connecting said source of fluid to said 
orifice and means for controlling said distribu- 
tion, means for introducing a compressed charge 
of gaseous fluid into the exhaust duct com- 
mencing at or about bottom dead centre and ter- 
20 mlnating not later than the closure of the ex- 
haust port of the engine. 

3. In a two-stroke cycle internal combustion 
engine, a cylinder, a piston or pistons in said 
cylinder, inlet and exhaust ports on said cylin- 

25 her, an exhaust duct leading from said exhaust 
port, means which may comprise the said piston 
or pistons, for controlling said ports, said inlet 
port being opened after the exhaust port opens 
but only with the required delay to ensure that 
30 the burnt gases are then moving outwardly 
through the exhaust p^rt or duct as a conse- 
quence of their mass exit from the cylinder, a 
source of compressed gaseous fluid, an orifice in 
the exhaust duct close to the engine cylinder 
96 and communicating with a nozzle or nozzles ex- 
tending within the exhaust duct and with said 
source of fluid and means for controlling com- 
munication between the said source and the said 
nozzle or nozzles in such a manner that the said 
40 communication will be opened during the ex- 
haust period of the engine after the exhaust 
gases have issued from the cylinder and before 
these gases return to the cylinder. 

4. In a two-stroke cycle internal combustion 
4;, engine of the kind described, the combination 

with a cylinder having an exhaust port, and an 
exhaust duct leading from said exhaust port, of 
an orifice on said duct intermediate its length, 
a tubular element within said exhaust duct com- 

69 munlcating with said orifice and extending in 
the direction of exhaust, a source of compressed 
gaseous fluid, distribution means connecting said 
source of fluid to said orifice and tubular element, 
and means for controlling said distribution means 

55 for introducing a working charge of gaseous 
fluid into the exhaust duct in the direction of 
exhaust commencing at or about bottom dead 
centre and terminating not later than the clo- 
sure of the exhaust port of the engine. 

CO 5. In a two stroke cyc*e internal combustion 
engine of the kind described, the combination 
with a cylinder having an exhaust port, an ex- 
haust duct leading from the exhaust port, of 
means for introducing a quantity of fresh gases 
05 into the exhaust system while the exhaust port 
is still open and at a point in the exhaust duct 
situated nearer the cylinder than the point in 
this duct from which the burnt gases return after 
their mass exit from the cylinder, the said in- 

70 troduction being effected after the mass exit of 
the burnt gases from the cylinder and before the 
return of these gases to the cylinder. 

6 . In a two stroke cycle internal combustion 
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engine of the kind described, the combination 
with a cylinder having an exhaust duct leading 
from the exhaust port, of an internal source 
of compressed gaseous fluid, distribution means 
connecting said source of fluid to an orifice situ- r> 
ated on the duct at a point nearer the cylinder 
than the limit of outward travel of the burnt 
gases upon their mass exit from the cylinder, and 
means for controlling said distribution means 
for introducing compressed gaseous charge into 10 
the exhaust duct through said orifice after the 
mass exit of the burnt gases from the cylinder 
and before the return of these gases to the 
cylinder. 

7. In a two stroke cycle internal combustion is 
engine of the kind described, the combination 
with a cylinder having an exhaust port and an 
exhaust duct leading from said exhaust port, and 
an orifice on said duct situated nearer the cylin- 
der than the limit of outward travel of the burnt JO 
gases upon their mass exit from the cylinder, a 
tubular element within said exhaust duct com- 
municating with said orifice and extending in 
the direction of exhaust, a source of compressed 
gaseous fluid, distribution means connecting said 23 
source of fluid to said orifice and tubular ele- 
ment, and means for controlling said distribu- 
tion means for introducing compressed gaseous 
fluid into the exhaust duct through said tubular 
element after the mass exit of the burnt gases 30 
from the cylinder and before the return of these 
gases to the cylinder. 

8. In a two stroke cycle internal combustion 
engine of the kind described, the combination 
with a cylinder having an exhaust port and an S3 
exhaust duct leading from said exhaust port and 
an orifice on said duct situated nearer the cylin- 
der than the limit of outward travel of the burnt 
gases upon their mass exit from the cylinder, a 
nozzle within said exhaust duct communicating 40 
with said orifice and extending In the direc- 
tion of exhaust, a source of compressed gaseous 
fluid, distribution means connecting said source 

of fluid to said orifice and nozzle, and means for 
controlling said distribution means for intro- 45 
ducing compressed gaseous fluid into the exhaust 
duct through said nozzle after the mass exit of 
• he burnt gases from the cylinder and before the 
return of these gases to the cylinder. 

9. In a two stroke cycle internal combustion 50 
engine of the kind described, the combination 
with a cylinder having an exhaust port, and an 
exhaust duct leading from the exhaust port of 
means for introducing the whole of the fresh 
gAses required for the working charge, into the 55 
said duct at a point situated nearer the cylinder 
than the limit of outward travel of the burnt 
gases upon their mass exit from the cylinder, 
after the said mass exit has occurred and before 
the return of the burnt gases to the cylinder. r/i 

10. In a two stroke cycle internal combustion 
engine of the kind described, the combination 
with a cylinder having an exhaust port and an 
exhaust duct leading from the exhaust port, of 
an orifice on said duct close to the cylinder, a (;,> 
source of fluid, distributing means connecting- 
said source of fluid to said orifice and means for 
controlling said distribution means to introduce 

a working charge of gaseous fluid into the ex- 
haust duel after the mass exit of the burnt 70 
gases from the cylinder and before their return 
to the cylinder. 

MICHEL KADENACY. 
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This invention relates to two-stroke cycle In- 
ternal combustion engines wherein at least a 
substantial portion of the burnt gases leaves the 
cylinder at a speed much higher than that ob- 
5 taining when « flow resulting from an adiabatic 
expansion only is involved, and in such a short 
interval of time that it is discharged as a mass 
leaving a depression behind it which is utilised 
in introducing a fresh charge into the cylinder 
10 by opening the inlet orifice with the required de- 
lay after the opening of the exhaust orifice to 
ensure that the burnt gases are then moving 
outwardly through the exhaust orifice or duct 
and that a suction effect is exerted at the inlet 
15 orifice as a consequence of the exit of the said 
mass. 

The applicant has explained, for example in 
Patents numbered 2,102,559 issued December 14, 
1937; 2,110,986 issued March 15, 1938 and 

20 2,113,480 issued April 5, 1938, that he has found 
that in an internal combustion engine, the gases 
in the cylinder when exhaust opens behave as 
though they formed a resilient body, possessing 
ballistic energy. 

25 When the exhaust orifice first commences to 
open there is a period of delay during which no 
appreciable movement of the static gases external 
to the exhaust orifice can be observed, and after 
this delay has elapsed the burnt gases issue as a 
30 mass at high velocity, and by passing through the 
exhaust orifice form a column moving rapidly 
in the direction of exhaust. 

Thereafter this outward movement is reversed 
in direction, and a return of the gases towards 
35 the cylinder takes place. 

When the burnt gases leave the cylinder as a 
mass in the manner stated above, they leave a 
depression behind them in the cylinder and in the 
exhaust duct close to the cylinder, the volume of 
40 which will depend upon the distance to which 
the mass of burnt gases travels away from the 
cylinder. Consequently, if the inlet is opened 
while the exhaust orifice is open and the burnt 
gases are moving outwardly through the exhaust 
45 orifice or duct, the charge will enter into a sub- 
stantially void space and may, therefore, if de- 
sired be introduced by atmospheric pressure alone. 

In this connection it should be noted that the 
mass exit may be considered to have commenced 
50 when the exhaust gases have acquired such a mo- 
mentum in the direction of exhaust that if the 
inlet orifice is then opened they will continue to 
move in the direction of exhaust and will not 
leave the cylinder through the open inlet. This 
55 may, for example, be determined by means of 


records of pressures obtained at the inlet and 
exhaust ducts. 

As, owing to mechanical limitations, the inlet 
orifice can be opened only progressively, and not 
Instantaneously, it will be understood that it is 6 
of advantage to commence the opening of the 
inlet orifice at an earlier instant of time than 
that at which the suction effect is exerted there- 
at, so that when the suction effect is exerted, a 
sufficient area of inlet orifice is opened to permit 10 
optimum utilisation thereof. 

But the return of the burnt gases, if it occurs 
too soon and while inlet and exhaust are still 
open, materially affects the charging. If at a 
certain speed, in a variable speed engine, the re- 15 
turn coincides with the closure of inlet, which is 
a satisfactory condition, then at all lower speeds, 
the return will occur at an earlier crank angle. 

This will tend to foul the charge and will also 
reduce the period of depression and the effect on 20 
the torque will be to cause it to fall rapidly away 
from its optimum value. 

Further in a fixed speed engine. If the exhaust 
pipe is changed for one having characteristics 
such that an earlier return of the burnt gases oc- 25 
curs, this will have the same effect. 

The object of the invention is to provide means 
in the exhaust passages of such engines whereby 
the effect of such an early return of the burnt 
gases before the closure of Inlet is minimised, 30 
always assuming exhaust to be open when this 
return occurs. 

With this object in view the invention consists 
in providing means in the exhaust duct preferably 
close to the engine cylinder whereby a free out- 35 
flow of the exhaust gases in the direction of ex- 
haust is permitted and any return of the said 
gases tends to be by-passed into a chamber other 
than the engine cylinder. 

In this way the torque of the engine is rendered 40 
more stable under the varying conditions de- 
scribed above. 

In establishing the position of such means rel- 
ative to the engine cylinder it should be borne in 
mind tliat the burnt gases return from some zone 45 
along the exhaust pipe which may be determined 
by taking records at intervals along the exhaust 
p^pe t by apparatus capable of revealing the di- 
rection of motion, velocity and pressure of the 
gases during the exhaust period. It will be ob- 60 
vious that if the means according to the inven- 
tion are situated further from the engine cylinder 
than the point from which this return occurs, 
they will be inoperative. 

Preferably such means should be situated close 65 
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to the cylinder, but a certain amount of latitude 
may be allowed within the limits defined above. 

In a practical embodiment of such an arrange- 
ment the exhaust pipe terminates at its end con- 
5 nected to the cylinder in an enlarged chamber 
preferably of bulbous form and the exhaust gases 
are fed past this chamber through a relatively 
short neck or nozzle, the outlet cross-section of 
which is small relative to the cross-section of 
Iq the chamber at this point. 

In a modification of such an embodiment a de- 
flector body is mounted in the exhaust duct in 
such a way that it allows the passage of the 
exposition gases issuing from the neck or nozzle 
15 but opposes the return of gases into the cylinder 
through this nozzle, as described in Patent No. 
2,110,986 and deflects any return of the explosion, 
gases into the said chamber. 

As stated above, the device according to the 
20 invention is provided in order to counteract any 
objectionable effect of an early return of the 
burnt gases on the charging. 

Further, an increase in speed of the engine, 
or a change in exhaust pipe may cause the re- 
25 turn of the burnt gases to occur after exhaust 
closes, so that exhaust closes when the depression 
still exists in the exhaust duct. If in such an en- 
gine inlet is arranged to close before exhaust 
closes, this will cause a loss of charge from the 
SO cylinder by suction through the exhaust port 
during the period elapsing between inlet closure 
and exhaust closure. This again will be repre- 
sented by a rapid drop in torque beyond the 
optimum point. 

35 This objection may be avoided by closing ex- 
haust at the same time as or before the closure of 
inlet. 

An engine having such timing and provided 
with means according to the invention will be 
40 protected against the objectionable actions of an 
early return of the burnt gases at low speeds and 
a prolonged suction in the exhaust duct at high 
speeds, and it will also be protected against the 
disturbing effect of changes in the exhaust pipe. 
45 The invention will now be described simply by 
way of example, and with reference to the accom- 
panying drawing, in which: 

Figure 1 is a cross sectional view through the 
cylinder of an opposed piston engine, the exhaust 
50 passage of which is provided with an example of 
a device according to the invention. 

Figure 2 illustrates a modification of the device 
applied to the exhaust pipe in Figure 1. 

In Figure 1 the invention is illustrated as ap- 
56 plied to an opposed piston engine comprising a 
cylinder 1 , in which move two opposed pistons 2 
and 3. The piston 2 controls the inlet ports 5 
communicating through ducts 4 with a source of 
fresh air or gas, for example the external **tmos- 
60 phere, and the piston 3 controls the exhaust port 
T which discharges the burnt gases from the 
cylinder through the duct 6, the end of which sit- 
uated adjacent the cylinder is provided with 
means in accordance with the invention. 

66 With an engine of the kind illustrated it is 
well known that while retaining the piston con- 
trol of the ports, inlet may be arranged to close 
before or after exhaust closes by suitably off-set- 
ting the cranks of the two pistons when as- 
70 sembling the gears. 

According to the Invention, the exhaust pipe 6 
is enlarged at its end connected to or closely ad- 
jacent the cylinder to form a chamber 8 of bulb- 
ous shape, having on its side facing the exhaust 
76 pipe an annular wall 9 which in the example is 


shown as being curved inwards at its centre ori- 
fice so as to give the chamber a toroidal shape, 
but which may be flat as shown in Figure 2. 

A short neck or nozzle 10 is mounted or formed 
upon the exhaust port and extends coaxially into g 
this charmber 8, while carrying the wall 0 of the 
latter, and the diameters of the chamber and 
nozzle on a plane Including the outlet end of the 
nozzle are so proportioned that the cross sec- 
tional area of the chamber 8 at this point is great h 
compared with that of the nozzle. 

With the arrangement shown in Figure 1, when 
the burnt gases leave the cylinder and issue from 
the nozzle they leave behind them a depression 
which causes the chamber 8 to be evacuated, u 
Upon the opening of inlet, the charge admitted 
into the cylinder reduces the depression existing 
therein, and this charge tends to follow the path 
of the burnt gases through the exhaust port and 
through the nozzle. On account of the suitable g 
arrangement of the outlet end of the nozzle in the 
throat of the chamber, any portion of the charge 
which issues through the nozzle will have the 
minimum tendency to enter the chamber, so that 
the depression in the latter will tend to be main- 25 
tained at a higher level than that in the cylinder. 
Consequently when the burnt gases return they 
will not only find an easier path of entry into 
the chamber on account of the larger area of 
the annular space surrounding the nozzle, but 30 
they will also tend to enter the chamber 8 in 
preference to the cylinder on account of the fact 
that a higher depression exists at this moment in 
the chamber. 

The requirement to be borne in mind in select- 35 
Ing suitable proportions for the outlet area of the 
nozzle and the area of the annular space sur- 
rounding this outlet is that when the burnt gases 
return they should find a less restricted path 
through the annular space than through the 4* 
nozzle. w 

In practice It has been found that a suitable 
relationship is obtained if the area of the annular 
space is twice that of the nozzle outlet. 

In co-operation with the relative areas, the 45 
nozzle outlet should be so positioned that the Is- 
suing gases upon leaving the nozzle exert the 
maximum influence in evacuating the chamber 8 . 

It will therefore be seen that the annular space 
should not be excessively great in proportion to 50 
the nozzle outlet area, and that the nozzle outlet 
should be suitably situated with respect to the 
outlet end of the chamber. 

In establishing the position of the nozzle outlet 
relative to the chamber, it should also be noted 55 
that if the nozzle is extremely short then the 
chamber will become a simple expansion chamber 
while if the nozzle extends too far into the ex- 
haust pipe it may prevent the entry of the return- 
ing burnt gases into the chamber. 56 

A suitable arrangement is obtained when the 
outlet end of the nozzle is situated at or about 
the throat of the chamber 8, as indicated in the 
figure. In practice it Is found that a little move- 
ment from this position does not reduce to any 65 
considerable extent the output of the engine, but 
that as the nozzle outlet is moved further from 
the throat of the chamber and nearer the cylin- 
der, a point of instability is reached after which 
the torque drops suddenly to a lower value; 7c 
thereafter further movement of the nozzle outlet 
in the same direction produces a further and 
progressive decrease in output. 

If records are taken on the exhaust pipe of an 
engine in the manner indicated above, both with 7fi 
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and without the device according to the invention, 
it will be found that when the device is fitted 
the return of the gases Lb delayed and also that 
the peak of pressure accompanying such return 
5 is considerably reduced. It will also be found 
that the moment of outflow of the burnt gases 
remains substantially unaffected, so that the 
timing of inlet remains satisfactory and the dura- 
tion of the suction into the cylinder is extended. 
10 The device according to the invention may 
advantageously be combined with means which 
oppose the re-entry of the burnt gases through 
the neck or nozzle into the cylinder while per- 
mitting them to enter the chamber, as illustrated 
15 in Figure 2. 

The arrangement illustrated in Figure 2 is sim- 
ilar to that illustrated in Figure 1 as regards the 
general form and arrangement of a nozzle 1 1 de- 
livering into a chamber 12, but in this embodi- 
20 ment the device described above is combined with 
deflecting means situated in the exhaust duct and 
adapted to permit the outflow of the burnt gases 
and to prevent their re-entry through the neck 
or nozzle into the cylinder by deflecting the re- 
25 turning gases into the chamber 12. 

A deflector body 13 having the shape of two 
cones with their bases in contact is mounted in 
the exhaust pipe in alignment with the nozzle 1 1 
and preferably close to the outlet end of the lat- 
30 ter. This deflector body is advantageously so ar- 
ranged that its surface 14 allows the passage of 
the explosion gases in the outflowing direction, 
while its surface 1 5 guides any return wave of the 
gases into the chamber, the wall of the chamber 
35 12 around the deflector being suitably shaped for 
this purpose as indicated at 16. 

This deflector body is only illustrated by way 
of example and it will be understood that any 
other suitable deflecting means may be employed. 
40 By the addition of the deflector body or the 
like a highly efficient obstacle is presented to any 
return into the cylinder of explosion gases. 

It should be noted that the action which cre- 
ates the suction effect occurring in engines ac- 
45 cording to the present invention originates in 
the cylinder and is propagated from the- cylinder 
into the exhaust duct, in that this suction effect 
is caused by the exit of at least a substantial por- 
tion of the burnt gases from the cylinder at a 
6 Q speed greatly in excess of the speed obtaining 
when a flow resulting from an adiabatic expan- 
sion only is involved and in such a short interval 
of time that it is discharged as a mass. In carry- 
ing out the present invention the natural tendency 
55 of the burnt gases to project themselves from the 
cylinder as a mass should be facilitated and not 
opposed, that is to say the area of the exhaust ori- 
fice available for the discharge of the burnt gases 
should be as large as possible and the interval of 
00 time in which the area required for this discharge 
of the burnt gases is made available should be as 
short as possible in order *o obtain the most sat- 
isfactory results. 

I claim: 

55 1. A two-stroke cycle internal combustion en- 

gine, wherein the burnt gases are discharged 
from the cylinder into an exhaust conduit sub- 


3 

stantUlly as a mass whereby the said mass 
moves outward and thereafter returns towards 
the cylinder from a point which may be within 
the said exhaust conduit, the said conduit pro- 
viding a free passage for the burnt gases to the 6 
limit of outward travel of said mass, and wherein 
an inlet is opened for the introduction of fresh 
charge while the exhaust port is still open and 
when the said issuance of the burnt gases is in 
full progress and causes a suction effect to be 10 
exerted in the cylinder, having means on the 
exhaust system for modifying the action of the 
said mass on the gases in the exhaust pipe, and 
the action of the return of the burnt gases upon 
the cylinder contents, the said means comprising 15 
a chamber other than the engine cylinder in open 
communication with the exhaust conduit at a 
point situated nearer the cylinder than the limit 
of outward travel of the burnt gases upon their 
mass exit from the cylinder, whereby upon the 20 
opening of the exhaust orifice for the discharge 
of the mass of burnt gases, the said mass Is 
directed past the said communication during 
its outward motion, so that there Is first an in- 
crease in pressure in the exhaust pipe adjacent 25 
the cylinder, which is transmitted through the 
gases contained in the exhaust pipe to the gases 
contained in said chamber, and thereafter a de- 
pression is formed in the cylinder and in the ex- 
haust pipe adjacent the cylinder followed by a 30 
depression in the said chamber, and returning 
gases enter the said chamber, which is then at 
a lower pressure than the engine cylinder and the 
exhaust pipe adjacent the engine cylinder. 

2. A two-stroke cycle internal combustion en- 35 
gine wherein the burnt gases are discharged from 
the cylinder into an exhaust conduit substantiaUy 

as a mass whereby the said mass moves outward 
and thereafter returns towards the cylinder from 
a point which may be within the said exhaust 40 
conduit, the said conduit providing a free passage 
for the burnt gases to the limit of outward travel 
of said mass, and wherein an inlet is opened for 
the introduction of fresh charge while the ex- 
haust port is still open and when the said issuance 45 
of the burnt gases is in full progress and causes 
a suction effect to be exerted in the cylinder, 
having a chamber other than the engine cylinder 
in open communication with the exhaust conduit 
at a point situated nearer the cylinder than the 50 
limit of outward travel of the burnt gases upon 
their mass exit from the cylinder and means 
forming a part of the said conduit whereby the 
said mass is directed past the said communication 
during its outward motion and returning gases 55 
enter said chamber. 

3. A two-stroke cycle internal combustion en- 
gine as claimed in claim 1, wnereln the said 
chamber is constituted by a bulbous enlargement 

of the exhaust pipe at its end closely adjacent 00 
the cylinder and a short neck or nozzle is formed 
or mounted upon the exhaust port so os to extend 
coaxially substantially into the throat of this 
chamber. 

MICHEL KADENACY. « 
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The applicant has found that in an Internal 
combustion engine, the behaviour of the gases is 
such as to lead to the conclusion that as a conse- 
quence of the combustion of the charge, the burnt 
5 gases form a mass having a high initial velocity 
and possessing properties similar to those of a 
resilient body, so that when the exhaust orifice 
opens this mass seeks to project itself bodily from 
the cylinder and to leave the latter in a conse- 
10 quent vacuous condition. 

The applicant has already proposed to utilize 
the void left in the cylinder when the burnt gases 
are discharged from the cylinder into the exhaust 
system as a mass, for the purpose of introducing 
15 a fresh charge into the cylinder. 

In the operation of srch engines the applicant 
has found that the burnt gases do not leave the 
cylinder immediately the exhaust orifice com- 
mences to open. There is first a period of delay, 
20 during which the burnt gases do not issue from 
the cylinder and after this delay has elapsed the 
burnt gases issue bodily from the cylinder with an 
extremely high velocity as a mass which responds 
to the laws of reflection and rebound and it 
25 leaves in the cylinder a profound depression. 
Subsequently, this outward motion of the burnt 
gases is reversed In direction and if the gases are 
allowed to re-enter the cylinder they destroy the 
depression left therein. 

30 Accordingly the applicant has already proposed 
a method of charging two-stroke cycle internal 
combustion engines which consists in opening 
the admission orifice for the introduction of a 
fresh charge after the exhaust orifice opens, but 
35 only with the required delay to ensure that the 
burnt gases are then moving outwardly through 
the exhaust system as a consequence of their mass 
exit from the cylinder. 

The present invention relates to such engines, 
40 but more generally to Internal combustion en- 
gines or machines wherein the burnt gases, issue 
from the explosion chamber as a mass at a speed 
much higher than that obtaining when adiabatic 
action only is involved and in such a short inter- 
45 val of time that they are discharged wholly or 
substantially wholly from the working chamber. 

In such engines or machines as a consequence 
of each exhaust operation, wren the burnt gases 
are discharged through an exhaust duct, two 
60 pressure or Impulse phases will be produced in the 
exhaust duct as a consequence of the mass exit 
and return of the burnt gases, and one depression 
or suction phate will be produced In the exhaust 
duct after tin mass of burnt gases har left the 
65 cylinder and before it returns to the latter. 


The Intensity of the depression left in the work- 
ing chamber by the exhaust gases when they leave 
the latter in mass form is very great. This de- 
pression exists in the cylinder and also the ex- 
haust duct in a space which may be several times 5 
greater than the volume of the cylinder. 

The invention consists in a method of utilizing 
an internal combustion engine or machine where- 
in the burnt gases are evacuated from the work- 
ing chamber as a mass at a speed much higher 10 
than that obtaining when adiabatic action only Is 
involved and in such a short Interval of time that 
they are discharged wholly or substantially wholly 
from the working chamber for producing a flow 
of fluid external to the said engine, consisting in 16 
employing the periods of depression and Impulse 
or pressure left and produced in the exhaust duct 
of the said engine by the mass exit of the burnt 
gases from the cylinder into the exhaust system in 
order to aspirate the said fluid and deliver the 20 
aspirated fluid to a point of utilization, disposal 
or storage. 

The invention further consists in the combina- 
tion of an internal combustion engine or ma- 
chine, wherein the burnt gases are evacuated from 26 
the working chamber of the engine or machine 
through a duct as a mass, at a speed much higher 
than that obtaining when adiabatic action only is 
involved and in such a short interval of time that 
they are discharged wholly or substantially 30 
wholly from the working chamber with a pump 
having suction and delivery orifices and a com- 
munication with the interior of the exhaust duct, 
at a point situated nearer the working chamber 
than the point of return of the burnt gases with- 36 
in the exhaust duct, the arrangement being such 
that the depression left in the exhaust duct by 
the mass exit of the burnt gases from the work- 
ing chamber initiates a suction stroke of tfc i said 
pump and the shocks produced by the nr *s exit 40 
of the burnt gases and/or the return of tne said 
mass towards the cylinder initiates a delivery 
stroke or strokes of the said pump. 

In a practical embodiment of the invention the 
engine to which the invention is applied is a two- 45 
stroke cycle internal combustion engine of the 
kind wherein the void left in the cylinder by the 
mass exit of the burnt gases from the cylinder 
into the exhaust duct is utilized in charging the 
cylinder, by opening an inlet for the introduction 50 
of the fresh charge after the exhaust orifice 
opens, but only with the required delay to ensure 
that the burnt gases are then moving outwardly 
through the exhaust orifice or duct as a conse- 
quence of their mass exit from the cylinder. 55 
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Hie action which creates the suction effect oc- 
curring in engines according to the present in- 
vention originates in the working chamber in 
which the combustion has been effected and is 
5 propagated from this chamber into the exhaust 
duct and into the pump, in that this suction ef- 
fect is caused by the exit of the burnt gases from 
the working chamber at a speed greatly in ex- 
cess of that obtaining when adiabatic action only 
10 is involved and in such a short interval of time 
that it is discharged as a mass. 

In carrying out the present invention the natu- 
ral tendency of the burnt gases to project them- 
selves from the cylinder as a mass should be fa- 
15 clllt&ted and not opposed, that is to say the area 
of the exhaust orifice available for the discharge 
of the burnt gases should be as large as possible 
and the interval of time in which the area re- 
quired for this discharge of the burnt gases is 
20 made available should be as short as possible, in 
order to obtain the most satisfactory results. 

As stated above the effects utilized in carry- 
ing out the present invention originate in the 
working chamber and are not produced by any 
25 action exerted by the exhaust duct but in carry- 
ing out the Invention the exhaust duct should 
be of such a form that it permits the utilization 
of the actions in question. The exhaust pipe be- 
tween the working chamber and the pump pro- 
30 vided upon the exhaust duct should be free from 
abrupt restrictions or enlargement of cross- 
section and the connection between the pump 
and the exhaust duct should be situated at a 
point nearer the working chamber than the point 
33 of return of the burnt gases in the exhaust 
duct. 

Some embodiments of the Invention will now 
be described, simply by way of example, and 
with reference to the accompanying drawings, 
40 in which: 

Figure 1 is a curve of pressures and depressions 
taken in the exhaust duct of an engine during 
the exhaust period. 

Figures 2, 3 and 4 illustrate examples of ex- 
45 haust duct arrangements whereby the depression 
left in the exhaust duct may be utilized in order 
to aspirate a fluid, and the pressure impulses 
occurring therein may also be utilized to deliver 
this aspirated fluid. 

50 Figure 5 shows an embodiment, in which the 
invention is employed for supplying a supple- 
mentary charge of air to a two-stroke engine. 

In Figure 3 the delivery is chiefly obtained by 
the direct impulse produced by the explosion 
55 gases upon issuing from the cylinder. 

In Figure 4 the delivery is chiefly effected by 
the return impulse of the discharged exhaust 
gases, and in Figure 2 both the direct Impulse and 
the return Impulse of the exhaust gases are 
60 utilized. 

If a record is taken of the pressure variations 
in the exhaust pipe cf an internal combustion 
engine of the kind referred to during the ex- 
haust period, a curve similar to that shown in 
65 Figure 1 may be obtained, in which EO repre- 
sents the opening of exhaust, the ordinates rep- 
resent pressures above and below atmospheric 
pressure and the abscissae crank angles in 
degrees. 

70 It should be mentioned that in the figure the 
pressures above and below atmospheric pressure 
are not shown in scale relationship. 

Such a curve may be obtained for example by 
utilizing a stroboscopic device formed by a ported 
75 tube mounted in or on the exhaust duct and ro- 


tating with the engine and a stationary but angu- 
larly adjustable ported sleeve on this tube having 
its port connected to a manometer, a pressure or 
depression impulse being obtained each time the 
port in the tube and sleeve coincide and a record 5 
being taken when a steady reading is given on 
the manometer, the crank angle at which each 
reading is taken being determined by the angu- 
lar adjustment of the sleeve. 

The curve shows clearly the two phases of 10 
pressure or impulse P, P' that occur during the 
outflow and return of the gases and the inter- 
vening phase of depression D. This curve is 
characteristic for aU internal combustion en- 
gines of the kind referred to but the moments 15 
at which the outflow and return of the gases 
occur will vary. 

The moments during the operation of the en- 
gine at which the aspiration of fluid ard the 
delivery of such aspirated fluid may be produced 20 
in accordance with the invention, will be seen 
from Figure 1. 

In the first place, a deUvery phase may be 
produced by the direct shock or impulse of the 
issuing exhaust gases which occurs very shortly 25 
after the opening of exhaust* as shown by the 
part P of the curve. 

A depression is then formed in the cylinder 
and a little later a depression D is formed in 
the exhaust duct and the intensity and magni- 30 
tude of the volume in which it exists will be 
proportionate to the kinetic energy contained in 
the exhaust gases. 

At this moment the aspiration of external fluid 
through the medium of a communication with 35 
the interior of the exhaust duct may be obtained 
The return shock or impulse P' follows and 
destroys this depression phase and may consti- 
tute a second delivery phase. 

The cycle may thus be considered to occur in 40 
the following manner: aspiration cf fluid on ac- 
count of the depression existing ?n the exhaust 
duct; then the delivery of the aspirated fluid by 
the return impulse of the discharged gases which 
follows this depression and after a rotation of 45 
the crank through about 280°, a second delivery 
by the direct impulse of the burnt gases from the 
following explosion. 

It should be noted that the intensity of the phe- 
nomena described above is inversely proportional w 
to the distance from the cylinder. Consequently, 
the communication with the interior of the ex- 
haust duct should be located close to the cylinder. 

In prior British specifications, the applicant 
has described internal combustion engines in 55 
which it is proposed to utilize the vacuum or high 
depression left in the cylinder by the explosion 
gases when they issue from the cylinder as a mass 
In order to introduce a fresh charge through the 
main admission ports. 60 

In an engine of this kind, the fre3h charge 
admitted to the cylinder cannot fill the com- 
plete cavity left in the cylinder and in the ex- 
haust duct by the issuing gases for practical rea- 
sons depending upon the position, shape and sur- 05 
face of the admission orifices. 

In fact, the applicant ha3 found that if an 
orifice is provided in the exhaust duct close to the 
cylinder and is opened to a source of gaseous fluid 
external to the exhaust duct, the volume of gas- 70 
eons fluid drawn directly into the exhaust duct 
through this orifice during the depression phase 
described above does not in any way impede or 
reduce the charge admitted directly into the 
cylinder through the usual admission orifices, 75 
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although the volume of gaseous fluid drawn Into 
the exhaust duct may be equal to this charge. 

Consequently by providing a chamber commu- 
nicating with the interior of the exhaust duct of 
5 an internal combustion engine, and with a source 
of fluid external to the exhaust duct, this fluid 
can be aspirated into the said chamber and if 
desired it can be delivered into a receiver, where 
it may be stored under a suitable or chosen pres- 
10 sure and from which it may be utilized for sup- 
plying the engine or for any required purpose, 
and if desired the depression left in the cylinder 
by the issuing exhaust gases may still be utilized 
in order to introduce a fresh charge through the 
15 main admission ports. 

Suitable distribution means must be provided so 
that the aspirated air or other gaseous fluid will 
follow the required direction during the suction 
and delivery periods, and so that it cannot return 
20 from the paths it is required to follow. 

These means may for example consist of non- 
return valves or of controlled valves or of means 
such as those described in British Specifications 
Nos. 35069/33 and 25165/34. 

25 The communication with the interior of the 
exhaust duct must be suitably arranged to per- 
mit a utilization of the depression and pressure 
phases in accordance with the invention, the 
communication may be so arranged that use is 
30 made chiefly of the return impulse of the exhaust 
gases or of both these impulses one after the 
other, for the purpose of delivering and/or com- 
pressing the aspirated charge. 

Figures 2, 3 and 4 illustrate three examples of 
a 5 arrangements of the communication with the in- 
terior of the exhaust duct. 

Figure 2 illustrates an arrangement of intake 
which makes use of means such as those described 
in the applicant’s prior British Specification No. 
40 35069/33. In this figure, which may be consid- 
ered as a section through the exhaust duct of an 
internal combustion engine, the duct I is enlarged 
in order to receive a cone shaped obturator 2 , the 
print of which will face the c$ Under and the con- 
45 cave base of which will be turned towards the 
outlet end of the exnaust pipe, this obturator 
being arranged In relation to the walls of the duct 
in such a manner as to permit the outflow of the 
burnt gases and to prevent a return wave of 
these gases from re-entering the cylinder. 

The part of the duct receiving the obturator 2 
Is provided with orifices 3, communicating with 
an annular chamber 4 provided or formed around 
the duct I , and having an outlet 6 for connection 
55 to a source of fluid external to the duct I. 

In tills example, the intake orifices 3 for the 
aspirated fluid are arranged so that the direct 
impulse and the return impulse of the exhaust 
gases will be transmitted in such a way that the 
60 aspirated gases may be delivered by the highest 
intensity of each of these two compression agents 
although it will be understood that the intensity 
of the direct impulse will always be higher than 
that of the return impulse. 

05 Figure 3 illustrates a form of intake which en- 
sures that the direct impulse will have the great- 
est action in delivering the aspirated charge. 

In this figure, the exhaust 8 is surrounded by 
an annular chamber T having an outlet t and the 
70 duct is interrupted by an annular space 8 estab- 
lishing a communication between the chamber 1 
and the interior of the duct 8 . The walls of the 
chamber 1 are flared in continuation of the walls 
of the duct on the aide for connection to the 
70 cylinder so as to ensure that the direct impulse 


of the exhaust gases will be transmitted into this 
chamber. 

A practical form of intake which chiefly facili- 
tates the utilization of the return impulse, and 
which has given satisfactory results in practice 5 
Is Illustrated in Figure 4. 

In this figure the exhaust duct is formed by 
two portions 10 and II connected together by a 
chamber 12. The portion 10 of the duct is ex- 
tended into the said chamber by means of a tubu- 10 
lai element 13 opening Into the portion II and 
situated in the interior of a tubular dement 14 
which extends the portion II of the duct and 
stops short of the Inner wall of the 3aid chamber 
12. The annular space left between the elements 15 
13 and 14 establishes a communication between 
the interior of the exhaust duct and the cham- 
ber 12. 

The portion 1 1 of the duct is adjustably con- 
nected with the chamber 1 2 in order to permit a 20 
regulation of the distance between the free end 
of the element 14 and the Internal wall of the 
chamber situated towards the cylinder. 

The diameter of the free end of the dement 13 
Is slightly smaller than that of the duct 1 1 and 25 
the element 14 at this point is slightly flared so 
as to provide a passage of increasing section be- 
tween the elements 13 and 14 from the free end 
of the element 13. 

The length of the element 13 may also be regu- 30 
lated by means of the screw connection provided 
between this element and the duct 10. These 
adjustments enable the action of the device to 
be varied so as to vary the relation between the 
suction and the delivery of fluid and the intensity 35 
of these actions which will be exerted through 
the outlet 15 of the chamber 12. 

Figure 5 shows an engine arrangement in which 
the aspirated fluid is dr\wn from the atmosphere 
and the pressure impulses In the exhaust duct are 40 
utilized in order to deliver this aspirated air to 
a supplementary inlet port on the cylinder. 

This figure shows an engine cylinder 18 in 
which moves a piston IT. Air is admitted by 
atmospheric pressure through the inlet 18 and 45 
fuel is introduced by the injector 18. Exhaust 
takes place through the duct 20. Upon the ex- 
haust duct close to the cylinder is provided an 
Intake 21 , which, by way of example, is shown 
similar to that illustrated in Figure 4 comm uni- 59 
eating with a first chamber 22 . 

It is of advantage for the chamber 22 to be 
of tubular form because the aspirated charge and 
the exhaust gases that will deliver this charge 
will be in contact with each other and it will be 55 
of interest to prevent them from mixing. 

The chamber 22 is provided at its end remote 
from the exhaust duct with a suction valve 31 
or the like communicating with an external 
source of fluid, which in the example will be the 00 
air of the atmosphere, and a delivery valve 32 or 
the like. This delivery valve is followed by 
chambers, which may according to requirements 
be tubular or in the form of reservoirs or may 
be simpay ducts for storing, leading or present- 05 
ing the aspirated and delivered gas to its point of 
utilization. 

In the example, the valve 32 leads through a 
duct 33 to a reservoir 34 itself connected to a 
duct 35 which leads the aspirated and delivered 70 
gas to a point of utilization. 

The operation of this ap^'xratu s may be com- 
pared to a piston pump in which the function of 
the piston is taken by the exhaust gases while 
In mass form In the exhaust duct which exhaust 75 
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the chamber 22 during what may be considered 
as a downward stroke of the piston and then 
deliver the charge thus aspirated by means of 
what may be considered as two upward strokes 
6 of the !>i&\on. 

An apparatus such as that described above 
may be employed for example as a compressor 
and the compressed charge thus obtained may be 
utilized for supplying a charge of air or com- 
10 bustible gas to the engine cylinder. 

In the example, the duct 35 is put into com- 
munication with a supplementary admission 
orifice 36 provided upon the cylinder and serves 
for supplying an additional charge of air under 
15 pressure to the engine, the main charge being 
admitted by atmospheric pressure through the 
orifice 18 . This additional charge may, for ex- 
ample be introduced at the end of the main 
admission in order to serve as correcting air, as 
20 described in the applicant's prior British Specifi- 
cation No. 24372/34, or it may serve for supply- 
ing a charge at any chosen moment through a 
suitable distribution means. In this case a great 
advantage is obtained as compared with the use 
25 of a compressor which draws power from the 
engine, is more costly, and complicates the con- 
struction. 

The orifice 36 is controlled by any suitable 
means, for example by a valve* 37 , operated by 
30 push rod 38 and rocker arm 39 as indicated dia- 
grammatically in the figure, in order to open at 
the chosen moment during the cycle of operations 
of the engine. 

If the delivery valve 32 is omitted and the air 
35 is delivered directly to the admission valve 37 , 
the engine will work at a more or less fixed speed 
because in this case the moment of opening of 
the valve 37 will have to coincide with a moment 
at which a charge is delivered from the chamber 
40 22 . But in the case when the chamber 22 de- 
livers into the reservoir 34 through a non-return 
valve or equivalent means, the engine will draw 
its charge from the reservoir 34 at the requ'red 
moment and its speed will become independent 
45 of the moments at which the suction and delivery 
stages occur in the chamber 22 . 

By suitably proportioning the chambers 22 , 33 . 
34 and 35, the charge delivered from the cham- 
ber 22 may be stored or supplied to the point of 
50 utilization at or above atmospheric pressure. 

In the example described with reference to 
Figure 5, instead of supplying the main charge to 
the engine by atmospheric pressure, this main 
charge may be introduced by any suitable means, 
65 for example by a compressor 40, connected to the 
inlet port 18 by a duct 78 as indicated in Figure 5. 

It should be noted that as shown in Figure 5, 
a piston element such as a light, freely movable 
disc 79 may be arranged in the chamber 22 , with- 
60 out in any way affecting the principle of opera- 
tion of the device. 

The invention is applicable to engines or ma- 
chines having any number of strokes per cycle, 
but as only two strokes are essential to complete 
^ the cycle, the invention will most advantageously 
be applied to two stroke cycle engines in which 
the charge is introduced, at or above atmospheric 
pressure, into the combustion chamber by uti- 
lizing the phenomena described. 

70 The valves err ployed for the suction and for the 
delivery of an aspirated fluid in an arrangement 
according to the invention may be simple or 
multiple. These valves may be arranged, so as to 
provide a passage of large area and they may 


have any shape provided they respond to rapid 
suctions and equally rapid deliveries. 

As stated above, these valves may be replaced 
by deflectors such as those described in the ap- 
plicant's prior British Specification No. 35069/33, 6 
but in this case the delivered fluid cannot be 
stored under compression. 

In this last example, it may be Imagined that 
the delivery pulsations of fresh air or of the fresh 
charge are synchronized with the appropriate 10 
moments for the introduction of these gases into 
the engine cylinder, so that the inlet opening for 
these gases will coincide with the moment at 
which a high pressure exists in the ducts that de- 
liver the gases, which pressure is produced by one 15 
of the delivery agents described above, that is to 
say, either by the direct impulse or the return im- 
pulse of the exhaust gases after their reflection 
from the atmosphere external to the cylinder. 

I claim: 20 

1. A method for producing a flow of fluid ex- 

ternal to an internal combustion engine, consist- 
ing in employing the periods of depression and 
impulse or pressure left and produced in the ex- 
haust duct of the said engine by the mass exit of 25 
the burnt gases from the cylinder into the ex- 
haust system, in order to aspirate the caid fluid, 
compress this aspirated fluid and if desired de- 
liver the aspirated fluid to a reservoir which may 
be the engine cylinder. 30 

2. A method for producing a flow of fluid ex- 
ternal to an internal combustion machine where-, 
in the burnt gases are evacuated from the work- 
ing chamber as a mass at a speed much tJgher 
than that obtaining when adinbatic action only 35 
Is involved and in such a short interval of time 
that they are discharged wholly or substantially 
wholly from the working chamber, consisting in 
employing the periods of depression and Impulse 

or pressure left and produced Li the exhaust duct 40 
of the said machine by the mass exit of the burnt 
gases from the working chamber into the exhaust 
system in order to aspirate the said fluid and ie 
liver the aspirated fluid to a point of utilization, 
disposal, or storage. 45 

3. A method for producing a flow of fluid ex- 

ternal to an internal combustion engine wherein 
the burnt gases are evacuated from the working 
chamber as a mass at a speed much higher than 
that obtaining when adiabatic action only is in- 50 
volved and in such a short interval of time that 
they are discharged wholly or substantially whol- 
ly from the working chamber, consisting in em- 
ploying the periods of depression and impulse or 
pressure left and produced in the exhaust duct of 55 
the said engine by the mass exit of the burnt 
gases from the working chamber into the ex- 
haust system in order to aspirate the said fluid 
and deliver the aspirated fluid to a point of 
utilization, disposal, or storage. 50 

4. The combination with an internal combus- 
tion machine comprising a working chamber and 
an exhaust orifice, wherein the burnt gases are 
evacuated from the working chamber of the ma- 
chine through a duct as a mail, at a speed much 55 
higher than that obtaining when adiabatic iiction 
only is involved and in such a short interval of 
time that they are discharged whoUy or substan- 
tially whcUy from the working chamber, with a 
pump having suction and delivery orifices,. and a 70 
communication with the Interior of the exhaust 
duct, at a point situated near the working cham- 
ber than the point of return of the burnt gases 
within the exhaust duct, the arrangement being 
such that the depression left in S he exhaust duct 75 
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by the mass exit of the burnt gases from the 
working chamber Initiates a suction stroke of the 
said pump and the shocks produced by the re- 
turn of the said mass towards the cylinder and 
8 of the next mass exit of the burnt gases Initiate 
delivery strokes of the said pump. 

5. The combination with an internal combus- 
tion engine, a working chamber, an exhaust ori- 
fice and an inlet orifice, wherein the burnt gases 

10 are evacuated from the working chamber of the 
engine through a duct as a mass, at a speed much 
higher than that obtaining when adiabatic action 
only Is involved and in such a short interval of 
time that they are discharged wholly or substan- 
15 ti&lly wholly from the working chamber and 
wherein the void left in the working chamber by 
the mass exit of the burnt gases from the said 
chamber into the exhaust duct is utilized in 
charging the said chamber, means to open said 
CO inlet orifice for the introduction of the fresh 
charge after the exhaust orifice opens, but only 
with the required delay to ensure that the burnt 
gases are then moving outwardly through the ex- 
haust orifice or duct as a consequence of their 
£5 mass exit from the working chamber, with a 
pump having suction and delivery orifices and a 
communication with the interior of the exhaust 
duct, at a point situated nearer the working cham- 
ber than the point of return of the burnt gases 
80 within the exhaust duct, the arrangement being 
such that the depression left in the exhaust duct 
by the mass exit of tbs burnt gases from the 
working chamber Initiat e a suction stroke of the 
said pump and the shock s produced b 7 the return 
85 of the said mass towards the cylinder and of the 
next mass exit of the burnt gases initiate delivery 
strokes of the said pump. 

6. A combination as claimed in claim 4. Includ- 
ing a source of gaseous fluid, a conduit connecting 

40 said source to the suction orifice of the pump, 
means for utilizing and storing said fluid, and a 
conduit connecting said means with the delivery 
orifice of the pump and wherein the pump in- 
cludes a chamber having at one end said com- 
45 munlcation with the exhaust duct and at points 
remote from the exhaust duct said suction orifice 
and said delivery orifice. 

7 . A combination as claimed in claim 4 , includ- 
ing a source of gaseous fluid, a conduit connect- 

50 lng said source to the suction orifice of the pump, 
means for utilizing and storing said fluid, and a 
conduit connecting said means with the delivery 
orifice of the pump, and wherein the pump In- 
cludes a chamber of tubular form having a*, one 
55 end said communication with the exhaust duct 
and at points remote from the exhaust duct, said 
suction orifice and said delivery orifice. 

8. Ti-e combination with an internal combus- 
tion machine a working chamber, and an ex- 

60 haust orifice, wherein the burnt gases are evacu- 
ated from the working chamber of the machine 
through a duct as a mass, at a speed much higher 
than that obtaining when adiabatic action only 
is involved and in such a short interval of time 
65 that they are discharged wholly or substantially 
wholly from the working chamber, with a pump 
having suction and delivery orifices and a com- 
munication with the interior of the exhaust duct, 
at a point situated nearer the working chamber 
70 than the point of return of the burnt gases 
within the exhaust duct, and means arranged in 
the exhaust duct m such a way relative to the 
communication between the exhaust duct and 
the said pump as to ensure that the depression 
76 left in the exhaust duct by the mass exit of the 
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burnt gases from the working chamber Initiates 
a suction stroke of the said pump and that both 
the direct Impact and the return Impact of the 
burnt gases will deliver the charge aspirated 
into the pump. 5 

9. A combination as claimed in claim 8, where- 
in the said means are formed by deflecting and 
reflecting surfaces so arranged in the exhaust 
duct as to permit the free outward passage of 
the mass of burnt gases and to oppose the return 10 
of the said gases to the working chamber while 

at the same time serving to direct the Impacts 
caused by the said mass of burnt gases on both 
its outward and return motions into the pump. 

10. A combination as claimed in claim 4, in- 15 
eluding non-return valves for controlling the 
suction and delivery orifices and opening in the 
desired direction under the effect of a suction 
or of a delivery action and closing automatically. 

11. A combination as claimed in claim 4, in- 20 
eluding deflectors for controlling the suction and 
delivery orifices and permitting the passage of 

a fluid in one direction and opposing the return 
of the said fluid. 

12. A combination as claimed in claim 4 , in- 25 
eluding distribution means for controlling the 
ruction and delivery orifices so that said orifices 
open and close at predetermined moments. 

13. A combination as claimed in claim 4, 
wherein the suction orifice communicates with 30 
the atmosphere 

14. A combination as claimed In claim 4, In- 
cluding a reservoir and a conduit connecting the 
delivery orifice of the pump with the said reser- 
voir whereby fluid delivered by the pump may be 35 
stored or conveyed or presented to a point of 
utilization. 

15. A combination as claimed in claim 4, in- 
cluding a reservoir and a conduit connecting the 
delivery orifice of the pump with the said reser- 40 
voir whereby fluid delivered by the pump may 
be stored under pressure in said chamber. 

16 . A combination as claimed In claim 4 , in- 
cluding a reservoir, a conduit connecting the de- 
livery orifice of the pump with said reservoir 45 
whereby fluid delivered by the pump may be 
stored under pressure in said reservoir, a supple- 
mentary admission orifice upon the working 
chamber, a conduit connecting said supple- 
mentary admission orifice with said reservoir 
and means controlling said orifice to open said 
orifice at a chosen moment during the cycle of 
operations of the machine and put the working 
chamber into communication with the reservoir. 

17 . A combination as claimed in claim 5 , in- 55 
eluding a source of gaseous fluid, a conduit con- 
necting said source to the suction orifice of the 
pump, means for utilizing and storing said fluid 
and a conduit connecting said means with the 
delivery orifice of the pump and wherein the 00 
pump includes a chamber having at one end 
said communication with the exhaust duct and 

at points remote from the exhaust duct said 
suction orifice and said delivery orifice. 

18 . A combination as claimed in claim 5 , in- 05 
eluding non-recum valves for controlling the suc- 
tion and delivery orifices and opening tr. the 
desired direction under the effect of a suction 

or of a delivery action and closing automatically. 

19 . A combination as claimed in claim 5 , 70 
wherein the suction orifice communicates with 
the atmosphere. 

20. A combination as claimed In claim 5 , In- 
cluding a reservoir and a conduit connecting the 
delivery orifice of the pump with the said reser- 73 
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voir whereby fluid delivered by the pump may be 
stored or conveyed or presented to a point of 
utilization. 

21. A combination as claimed in claim 5, in- 
6 eluding a reservoir and a conduit connecting the 

delivery orifice of the pump with the said reser- 
voir whereby fluid delivered by the pump may 
be stored under pressure in said chamber. 

22. A combination as claimed in claim 5, in- 
10 eluding a reservoir, a conduit connecting the de- 
livery orifice of the pump with said reservoir 
whereby fluid delivered by the pump may be 
stored under pressure in said reservoir, a supple- 
mentary admission orifice upon the working 

15 chamber, a conduit connecting said supplemen- 
tary admission orifice with said reservoir and 
means controlling said orifice to open said orifice 
at a chosen moment during the cycle of opera- 
tions of the machine and put the working cham- 
20 ber into communication with the reservoir. 

23. A combination as claimed in claim 5, in- 
cluding a reservoir, a conduit connecting the de- 
livery orifice of the pump with said reservoir 
whereby fluid delivered by the pump may be 

25 stored under pressure in said reservoir, a sup- 
plementary admission orifice upon the working 
chamber, a conduit connecting said supplemen- 
tary admission orifice with said reservoir and 
means controlling said orifice to open said orifice 
30 towards the commencement of the main atmos- 
pheric admission to put the working chamber into 
communication with the reservoir and supply a 
correcting c) large of air to the working chamber. 

24. A combination as claimed in claim 5, in- 
35 eluding a reservoir, a conjuit connecting the 

delivery orifice of the pump with said reservoir 
whereby fluid delivered by the pump may be 
stored under pressure in said reservoir, a supple- 
mentary admission orifice upon the working 
40 chamber, a conduit connecting said supplemen- 
tary admission orifice with said reservoir and 
means controlling said orifice to open said orifice 
towards the end of the main atmospheric admis- 
sion to put the working chamber into com muni - 
45 cation with the reservoir and supply a correcting 
charge of air to the working chamber. 

25. A combination as claimed in claim 5, in- 
cluding a reservoir, a conduit connecting the 
delivery orifice of the pump with said reservoir 

50 whereby fluid delivered by the pump may be 
stored under pressure in said reservoir, a sup- 
plementary admission orifice upon the working 
chamber, a conduit connecting said supplemen- 
tary admission orifice with said reservoir and 
55 means controlling said orifice to open said orifice 
to supply a supercharge to the working chamber 
after the closure of exhaust. 

26. The combination with an internal combus- 
tion engine comprising a working chamber, an 

55 exhaust orifice, an inlet orifice, wherein the burnt 
gases are evacuated from the working chamber of 
th? engine through a duct as a mass, at a speed 
much higher than that obtaining when adiabatic 
action only is involved and in such a short inter- 
55 val of time that they are discharged wholly or 
substantially wholly from tb? working chamber 
and wherein the void left In 4 he wondng cham- 
ber by the mass exit of the burnt gases from 
the said chamber into the exhaust duct is utilized 
70 In charging the said chain bo* , by opening the inlet 
orifice for the introduction of the fresh charge 
after the exhaust orifice opens, but only with the 
required delay to ensure that the burnt gases 
are then moving outwardly tl trough the exhaust 
75 orifice or duct as a consequence of their mass 


exit from the working chamber, with a pump 
having suction and delivery orifices and a com- 
munication with the interior of the exhaust duct, 
at a point situated nearer the working chamber 
than the point of return of the burnt gases within 6 
the exhaust duct, and means arranged in the ex- 
haust duct in such a way relative to the com- 
munication between the exhaust duct and the 
said pump as to ensure that the depression left 
in the exhaust duct by the mass exit of the burnt 10 
gases from the working chamber initiates a suc- 
tion stroke of the said pump and that both the 
direct impact and the return impact of the burnt 
gases will deliver the charge aspirated into the 
pump. 15 

27. A combination as claimed in claim 26, 
wherein the said means are formed by deflecting 
and reflecting surfaces so arranged 'in the ex- 
haust duct as to permit the free outward passage 
of the mass of burnt gases and to oppose the re- 20 
turn of the said gr.ses to the working chamber, 
while at the same time serving to direct the im- 
pacts caused by the said mass of burnt gases on 
both its outward and return motions into the 
pump. 25 

2G. A combination as claimed in claim 4 , where- 
in the exhaust duct comprises two longitudinally 
displaced portions, the portion nearer the work- 
ing chamber being of such length that the inter- 
ruption in the exhaust duct provides an annular 30 
space at a point situated nearer the woriJng 
chamber than the point of return of the burnt 
gases within the exhaust duct, and including an 
annular chamber enclosing the exhaust duct at 
the zone of said interruption, said annular cham- 35 
oer having walls situated towar d; the working 
chamber flared in continuation of the walls of 
the duct and having a communication with said 
pump, whereby said annular space establishes a 
communication between the pump and the in- 40 
terior of the exhaust duct via said chamber. 

2S. The combination with an internal combus- 
tion machine comprising a working chamber and 
exhaust orifice, wherein the burnt gases are 
evacuated from the working chamber of the ma- 45 
chine through a duct as a mass, at a speed much 
higher than that obtrini: \g when adiabatic action 
only is Involved and in such a short interval of 
time that they are discharged wholly or substan- 
tially wholly from the working chamber, with a 55 
pum:: having suction and delivery orifices, the 
exhaust duct comprising two longitudinally dis- 
placed portions, the portion nearer the working 
chamber being of such length that the inter- 
ruption in the exhaust duct provides an annular 55 
space at a point situated nearer the working 
chamber than the point of return of the burnt 
gases within the exhaust duct, and including an 
annular chamber enclosing the exhaust duct at 
the zone of said interruption, said annular cham- 60 
ber having walls situated towards the working 
chamber flared in continuation of the walls of the 
duct and having a communication with said 
pump, whereby said annular space establishes a 
communication between the pump and the in- 65 
terior of the exhaust duct via sa'd chamber and 
whereby the depression left in the exhaust duct 
by the mass exit of the burnt gases from the work- 
ing chamber initiates a suction stroke of the 
said pump and the shocks produced by the return 70 
of the said mass towards the cylinder and of the 
next mass exit of the burnt gases initiate delivery 
strokes of the said pump. 

30. The combination with an Internal combus- 
tion machine comprising & working chamber and 70 
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exhaust orifice, wherein the burnt gaaes are the said mass towards the cylinder and of the 
evacuated from the working chamber of the ma- next mass exit of the burnt gases initiate delivery 
chine through a duct as a mass, at a speed mu^ strokes of the said pump, means being provided 
higher than that obtaining when adiab&Mc ac- whereby the length of one or the other of the two 
6 tion oni is involved and in such a short interval tubular elements can be varied in order to vary 6 
of time that they are discharged wholly or sub- the action of the Intake between the pump and 
stantially wholly from the working chamber, with the interior of the exhaust duct and/or the rela- 
a pump having suction and delivery orifices, the tion between the suction and the delivery of ex- 
exhaust duct comprising two longitudinally dfs- temal fluid by the pump. 

10 placed portions, the portion nearer the working 32. The combination with an internal combos- 10 
chamber being of such length that an interrup- tion machine comprising & working chamber and 
tion in the exhaust duct occurs at a point situated exhaust orifice, wherein the burnt gases are 
nearer the working chamber than the point of evacuated from the working chamber of the 
return of the burnt gases within the exhaust machine through a duct as a mass, at a speed 
15 duct, and including a chamber connecting the much higher than that obtaining when adiabatic 15 
two portions of the exhaust duct, ah orifice in action only is involved and in such & short inter- 
said chamber, a conduit connecting said orifice val of time that they are discharged wholly or 
to said pump, a first tubular element situated substantially wholly from the working chamber, 
in the interior of said chamber and extending with a pump having suction and delivery orifices, 

20 the portion of the exhaust duct more distant the exhaust duct comprising two longitudinally 20 
from the working chamber towards the working displaced portions, the portion nearer the work- 
chamber and stopping short of an Internal wall ing chamber being of such length that an Inter- 
of the chamber connecting the exhaust duct ruption in the exhaust duct occurs at a point 
portions, and a second tubular element situated situated nearer the working chamber than the 

25 within the first tubular element and extending point of return of the burnt gases within the 25 

the portion of the exhaust duct nearer the work- exhaust duct, and including a chamber connect- 
ing chamber towards the other portion of the ing the two portions of the exhaust duct, an ori- 
exhaust duct, the space between said tubular flee in said chamber, a conduit connecting said 
elements establishing a communu atton between orifice to said pump, a first tubular element situ- 
30 the interior of the exhaust duct and the chamber ated in the interior of said chamber and ex- SO 
connecting the exhaust duct portions a, id thence tending the portion of the exhaust duct more 
to the pump whereby the depression left in the distant from the working chamber towards the 
exhaust duct by the mass exit of the burnt gases working chambei and stopping short of an in- 
from the working chamber initiates a suction temal wail of tne chamber connecting the ex- 

35 stroke of the .said pump and the shocks produced haust duct portions, and a second tubular ele- 35 

by the return of the s&id mass towards the c.?lin- ment situated within the first tubular element 
der and of the next mass exit of the burnt gases and extending the portion of the exhaust duct 
initiate delivery strokes of the said pump. nearer the working chamber towards the other 

31. The combination with an Imemal corr/ous- portion of the exhaust duct, the space between 
40 tion machine comprising a wondng chamber and said tubular elements establishing a communica- 40 
exhaust orifice, v. herein the burnt gases are evacu- tion between the interior oi the exhaust duct and 
ated from the working chamber of the machine the chamber connecting the exhaust duct portions 
through a duct aia mass, at a speed much Viigher and thence to the pump whereby the depression 
than that obtaining when adiabatic action only left in the exhaust duct by the mass exit of the 
45 is involved and in such a short interval of time burnt gases from the working chamber initiates 45 
that they are discharged wholly or substantially a suction stroke of the said pump and the shocks 
wholly from the working chamber, with a pump produced by the return of the said mass towards 
having suction and delivery orifices, the exhaust the cylinder and of the next mass exit of the burnt 
duct comprising two longitudinally displaced por- gases initiate delivery strokes of the said pump, 

50 tions, the portion nearer the working cha mber means being provided whereby the length of one ^ 
being of such length that an Interruption in the or the ether of the two tubular elements can be 
exhaust duct occurs at a point situated nearer varied in order to vary the action of the intake 
the working chamber ihan the point of return of between the pump and the interior of the ex- 
the burnt gases within the exhaust duct, and haust duct and/or the relation between the suc- 
65 Including a chamber coi meeting the two portions tion and the delivery of externa! fluid by the 55 
cf the exhaust duct, an orifice in said chamber, pump, the diameter of the free end of the second 
a conduit connecting said orifice to raid pump, a tubular element being slightly smaller than that 
first tubrlar element situated in the Interior of of the first tubular clement at this point, and 
said chamber and ext -Tiding the portion of the the said first element being flared at this point in 
60 exhaust duct more distant from the working order to permit the area of the annular inlet aper- 
chamber towards the working chamber and stop- ture between the two tubular elements to be 
ping short of an internal wall of the chamber varied by a relative longitudinal movement of 
connecting the exhaust duct portions, and a se- these elements. 

cond tubular element situated within the first 33. The combination with an internal combus- 
05 tubular element and extending the portion of tion machine comprising a working chamber and 
the exhaust duct nearer the working chamber exhaust orifice, wherein the burnt gases are evac- 
towards the other portion of the exhaust duct, uated from the working chamber of the machine 
he space between said tubular elements estab- through a duct as a mass, at a speed much higher 
ilshing a communication between the interior of than that obtaining when adiabatic action only 
70 the* exhaust duct and the chamber connecting is involved and in such a short Interval of time 70 

the exhaust duct portions and thence to the pump that they axe discharged wholly or substantially 

whereby the depression left in the exhaust duct by wholly from the working chamber, with a pump 

the mass exit of the burnt gase: from the work- having suction and delivery orifices, the exhaust 

ing chamber initlrtes a suction stroke of the said duct comprising two longitudinally displaced 

75 pump and the shocks produced jy the return of portions, the portion nearer the working cham- 76 
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ber being of such length that an interruption in the duct and having a communication with said 
the exhaust duct occurs at a point situated near- pump, whereby said annu’ar space establishes a 
er the working chamber than the point of return communication between t oe pump and the in- 
of the burnt gases within the exhaust duct, and terior of the exhaust duct : la said chamber and 

6 including a chamber connecting the 4 ,wo por- whereby the depression left in the exhaust duct ft 

tlons of the exhaust duct, an orifice in said by the mass exit of the burnt gases from the 
chamber, a conduit connecting said orifice to said working chamber initiates a suction stroke of 
pump, a first tubular element situated in the in- the said pump and the shocks produced by the 
terior of said chamber and extending the por- return of the said mass towards the cylinder and 

10 tion of the exhaust duct more distant from the of the next mass exit of the burnt gase3 initiate 10 

working chamber towards the working chamber delivery strokes of the said pump, 
and stopping short of an internal wall of the 36 . The combination with an internal combus- 
chamber connecting the exhaust duct porticos, tion comprising a working chamber, an exhaust 
and a second tubular element situated within the orifice and an inlet orifice, wherein the burnt 
15 first tubular element and extending the portion gases are evacuated from the working chamber lft 
of the exhaust duct nearer the working chamber of the engine through a duct as a mass, at a 
towards the other portion of the exhaust duct, speed much higher than that obtaining when 
the space between said tubular elements estab- adiabatic action only is involved and in such a 
fishing a communication between the interior of short Interval of time that they are discharged 
20 the exhaust duct and the chamber connecting wholly or substantially wholly from the working go 
the exhaust duct portions and thence to the pump chamber and wherein the void left in the working 
whereby the depression left in the exhaust duct chamber by the mass exit of the burnt gases from 
by the mass exit of the burnt gases from the the sa Id chamber into the exhaust duct is utilized 
working chamber initiates a suction stroke of the in charging tne said chamber, means to open said 
25 said pump and the shocks produced by the re- inlet orifice for the Introduction of the fresh gfi 
turn of the said mass towards the cylinder and charge after the exhaust criflce opens, but only 
of the next mass exit of the burnt gases initiate with the resulted delay to ensure that the burnt 
delivery strokes of the said pump, means beim: gases are then moving outwardly through the 

provided whereby the length of one or the o her exhaust orifice or duct as a consequence of their 
30 of the two tubular elements can be varied in or- mass exit from the wording chamber, with a 80 
der to vary the action of the intake between the pump having suction and delivery orifices, the 
pump and the interior of the exhaust duct an i/or exhaust duct comprising two longitudinally dis- 
the relation between the suction and the deli ery placed portions, the portion nearer the working 
of external fluid by the pump, the diameter of chamber being of such length that an interrup- 
35 the free end of the second tubular element beiru? tion in the exhaust duct occurs at a point situated aft 
slightly smaller than that of the first tubular ele^ nearer the working chamber than the point of 
ment at this point, and the said first element be-, r turn of the burnt gases within the exhaust duct, 
ing flared at this point so that the passage be- a. id including a chamber connecting the two por- 
tween the tubular elements increases Jn section iions of the exhaust duct, an orifice in said 
40 from the free end of the second element in order chamber, a conduit connecting said orifice to 40 
to permit the area of the annular inlet aperture said pump, a first tubular element situated in the 
between the two tubular elements to be varied interior of said chair Vr and extending the por- 
by a relative longitudinal movement of the^e tion of the exhaust uiict more distant from the 
elements, working chamber towards the working chamber 

45 34 , The combination with an internal combus- and stopping short of an internal wall of the 45 

tion engine comprising a working chamber, an chamber connecting the exhaust duct portions, 
exhaust orifice and an inlet orifice, wherein the a id a second tubular element situated within the 
burnt gases are evacuated from the working first tubular element and extending the portion 
chamber of the engine through a duct as a mass, of the exhaust duct nearer the working chamber 
60 at a speed much higher than that obtaining when towards the other portion of the exhaust duct, 
adiabatic action only is involved and in such a the space between said tubular elements estab- 
short interval of time that they are discharged fishing a communication between the interior of 
wholly or substantially wholly from the working the exhaust duct and the chamber connecting 
chamber and wherein the void left in the working the exhaust duct portions and thence c the 
55 chamber by the mass exit of the burnt gases from pump where >y the depression left in the exl. tust ** 
the said chain oer into the exhaust duct is utilized duct by the mass exit of the burnt gase^ from 
in charging the said chamber, means to open said the working chamber initiates a suction stroke 
inlet orifice for the introduction of the fresh of the said pump and the shocks produced by ehe 
charge after the exhaust orifice opens, but only return of the said mass towards the cylinder and 
60 with the required uelay to ensure that the burnt of the next mass exit of the burnt gases initiate aa 
gases are then moving outwardly through the ex- delivery strokes of the said pump, 
haust orifice or duct as a consequence of their 36 . The combination with an internal combus- 
mass exit from the working chamber, with a tion en^dne comprising a working chamber, an 
pump having suction and delivery orifices, the exhaust orifice and an inlet orifice, wherein the 
5 5 exhaust duct comprising two longitudinally dis- burnt gases are evacuated from the working <55 
placed portions, the portion nearer the working chamber of the engine through a duct as a mass, 
chamber being of such length that the interrup- at a speed much higher than that obtaining 
tion in the exhaust duct provides an annular when adiabatic action only is in >1 cd and ir 
space at a point situated nearer the working such a short interval of time that tb y ire dis- 
V 0 chamber than the point of return of the burnt charged wholly cr substantially who ],/ from the ;n 
gases within the exhaust duct, and including an working chamber and wherein the ~*oid left Jn 
annular chamber enclosing the exhaust duct at the working cnamber by the mass **xit of the 
the zone of said interruption, said annular cham- burnt gases from the said chamber into the ex- 
ber having walls situated towards the working haust duct Is utilized in charging the said cham- 
75 chamber flared In continuation of the walls of ber. means to open said inlet orifice for the in- 75 
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troduction of the fresh charge after the exhaust haust duct more distant from the working cham- 
oriflce opens, but only with the required delay ber towards the working chamber and stopping 
to ensure that the burnt gases are then moving short of an internal wall of the chamber con- 
outwardly through the exhaust orifice or duct as necting the exhaust duct portions, and a second 
6 a consequence of their mass exit from the work- tubular element situated within the first tubular 5 
lng chamber, with a pump having suction and element and extending the portion of the ex- 
delivery orifices, the exhaust duct comprising haust duct nearer the working chamber towards 
two longitudinally displaced portions, the portion the other portion of the exhaust duct, the space 
nearer the working chamber being of such between said tubular elements establishing a 
10 length that an interruption in the exhaust duct communication between the interior of the ex- 10 
occurs at a point situated nearer the working haust duct and the chamber connecting the ex- 


chamber than the point of return of the burnt 
gases within the exhaust duct, and including a 
chamber connecting the two portions of the ex- 
16 haust duct, an orifice in said chamber, a conduit 
connecting said orifice to said pump, & first tubu- 
lar element situated in the interior of said cham- 
ber and extending the portion of the exhaust 
duct more distant from the working chamber 
20 towards the working chamber and stopping short 
of an internal wall of the chamber connecting 
the exhaust duct portions, and a second tubular 
element situated within the first tubular element 
and extending the portion of the exhaust duct 
26 nearer the working chamber towards the other 
portion of the exhaust duct, the space between 
said tubular elements establishing a communi- 
cation between the interior of the exhaust duct 
and the chamber connecting the exhaust duct 
80 portions and thence to the pump whereby the 
depression left In the exhaust duct by the mass 
exit of the burnt gases from the working cham- 
ber initiates a suction stroke of the said pump 
and the shocks produced by the return of the 
85 said mass towards the cylinder and of the next 
mass exit of the burnt gases initiate delivery 
strokes of the said pump, means being provided 
whereby the length of one or the other of the 
two tubular elements can be varied in order to 
40 vary the action of the intake between the pump 
and the interior of the exhaust duct and/or the 
relation between the suction and the delivery of 
external fluid by the pump. 

37. The combination with an internal combus- 
46 tion engine comprising a working chamber, an 
exhaust orifice and an inlet orifice, wherein the 
burnt gases are evacuated from the working 
chamber of the engine through a duct as a mass, 
at a speed much higher than that obtaining 
60 when adiabatic action only is involved and in 
such a short interval of time that they are dis- 
charged wholly or substantially wholly from the 
working chamber and whereby the void left In 
the working chamber by the mass exit of the 
56 burnt gases from the said chamber into the ex- 
haust duct is utilized in charging the said cham- 
ber, means to open said inlet orifice for the in- 
troduction of the fresh charge after the exhaust 
orifice opens, but only with the required delay 
60 to ensure that the burnt gases are then moving 
outwardly through the exhaust orifice or duct as 
a consequence of their mass exit from the work- 
ing chamber, with a pump having suction and 
delivery orifices, the exhaust duct comprising 
65 two longitudinally displaced portions, the por- 
tion nearer the working chamber being of such 
length that an interruption in the exhaust duct 
occurs at a point situated nearer the working 
chamber than the point of return of the burnt 
70 gases within the exhaust duct, and Including a 
chamber connecting the two portions of the ex- 
haust duct, an orifice in said chamber, a conduit 
connecting said orifice to said pu i\r a first tu- 
bular element situated in the interior of said 
76 chamber and extending the portion of the ex- 


haust duct portions and thence to the pump 
whereby the depression left in the exhaust duct 
by the mass exit of the burnt gases from the 
working chamber initiates a suction stroke of 16 
the said pump and the shocks produced by the 
return of the said mass toward * the cylinder and 
of the next mass exit of the burnt gases initiate 
delivery strokes of the said pump, means being 
provided whereby the length of one or the other 20 
of the two tubular elements can be varied In 
order to vary the action of the intake between 
the pump and the interior of the exhaust duct 
and/or the relation between the suction and the 
delivery of external fluid by the pump, the di&m- 25 
eter of the free end of the second tubular de- 
ment being slightly smaller than that of the first 
tubular element at this point, end the said first 
element being flared at this point in order to 
permit the area of the annular inlet aperture 30 
between the two tubular elements to be varied 
by a relative longitudi nal movement of these de- 
ments. 

38. The combination with an internal combus- 
tion engine comprising a working chamber, an 35 
exhaust orifice and an Inlet orifice, wherein the 
burnt gases are evacuated from the working 
chamber of the engine through a duct as a mass, 
at a speed much higher than that obtaining when 
adiabatic action only Is involved and In such a 40 
short interval of time that they are discharged 
wholly or substantially wholly from the working 
chamber and wherein the void left in the working 
chamber by the mass exit of the burnt gases from 
the said chamber into the exhaust duct is utilized 45 
in charging the said chamber, means to open 
said inlet orifice for the introduction of the fresh 
charge after the exhaust orifice opens, but only 
with the required delay to ensure that the burnt 
gases are then moving outwardly, through the ex- ^ 
haust orifice or duct as a consequence of their 
mass exit from the working chamber, with a 
pump having suction and delivery orifices, the 
exhaust duct comprising two longitudinally dis- 
placed portions, the portion nearer the working 
chamber being of such length that an interrup- 
tion In the exhaust duct occurs at a point situ- 
ated nearer the working chamber than the point 
of return of the burnt gases within the exhaust 
duct, and including a chamber connecting the 30 
two portions of the exhaust duct, an orifice in 
said chamber, a conduit connecting said orifice 
to said pump, a first tubular element situated in 
the interior of said chamber and extending the 
portion of the exhaust duct more distant from 35 
the working chamber towards the working cham- 
ber and stopping short of an internal wall of the 
cl amber connecting the exhaust duct portions, 
and a second tubular element situated within - the 
first tubular element and extending the portion 70 
of the exhaust duct nearer the working chamber 
towards the other portion of the exhaust duct, 
the space between said tubular elements estab- 
lishing a communication between the Interior of 
the exhaust duct and the char , >er connecting 75 
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the exhaust duct portions and thence to the pump 
whereby the depression left in the exhaust duct 
by the mass exit of the burnt gases from the 
working chamber initiates a suction stroke of the 
5 said pump and the shocks produced by the return 
of the said mass towards the cylinder and of the 
next mass exit of the burnt gases initiate delivery 
strokes of the said pump, means being provided 
whereby the length of one or the other of the two 
10 tubular elements can be varied in order to vary 
the action of the intake between the pump and 
the interior of the exhaust duct and/or the re- 
lation between the suction and the delivery of 


external fluid by the pump, the diameter of the 
free end of the second tubular element being 
slightly smaller than that of the first tubular ele- 
ment at this point, and the said first element be- 
ing flared at this point so that the passage be- • 
tween the tubular elements Increases In section 
from the free end of the second element In order 
to permit the area of the annular inlet aperture 
between the two tubular elements to be varied by 
a relative longitudinal movement of these ele- 10 


ments. 
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This invention relates to two-stroke cycle in- 
ternal combustion engines of the kind wherein at 
least a substantial portion of the burnt gases 
leaves the cylinder at a speed much higher than 
5 that obtaining when an adiabatic flow only is 
involved, and In such a short interval of time that 
it is discharged as a mass leaving a depression 
behind it which is utilized in Introducing a fresh 
charge into the cylinder by opening the inlet 
10 orifice with the required delay after the opening 
of the exhaust orifice to ensure that the burnt 
gases are then moving outwardly through the 
exhaust orifice or duct and that a suction effect 
is exerted at the inlet orifice as a consequence 
16 of the exit of the said mass, and is divided from 
my co-pending application, Serial No. 60,529 filed 
23rd January, 1936, which has issued as Patent 
No. 2,134,920 on November 1, 1938. 

According to the present invention that por- 
20 tion of the depression created by the mass exit 
of the burnt gases which is not utilized for the 
purpose of introducing fresh charge into the cyl- 
inder is employed for exerting a suction in the 
engine cylinder or for accumulating a depression 
25 in a container which depression may be utilized 
for example, for exerting a suction in the engine 
cylinder. 

An embodiment of the invention will new be 
described, simply by way of example, and with 
30 reference to the accompanying drawings, in 
which: 

Figure 1 is a curve of pressures and depressions 
taken in the exhaust duct of an engine of the 
kind to which the invention relates, during the 
35 exhaust period. 

Figure 2 shows an example of a suitable ar- 
rangement of the communication between the ex- 
haust duct and the pipe to be provided thereon. 
Figure 3 shows an arrangement in which the 
40 invention Is employed for exerting a suction 
through the cylinder of the engine to which it 
is applied. 

If a record is taken of the pressure variations 
in the exhaust pipe of an internal combustion en- 
gine of the kind to which the invention relates 
during the exhaust period, a curve similar to that 
shown in Figure 1 may be obtained. In which EO 
represents the opening of exhaust, the ordinates 
represent pressures above and below atmospheric 
pressure and the abscissae crank angles in de- 
grees. 

It should be mentioned that the figure is a 
formal representation showing the chief charac- 
56 teristics of the curve and that the pressures above 
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and below atmospheric pressure are not shown In 
scale relationship. 

Such a curve may be obtained for example by 
utilizing a stroboscopic device formed by a ported 
tube mounted in or on the exhaust duct and ro- 5 
tating with the engine and a stationary but angu- 
larly adjustable ported sleeve on this tube having 
Its port connected to a manometer, a pressure or 
depression impulse being obtained each time the 
port in the tube and sleeve coincide and a record 10 
being taken when a steady reading is given on 
the manometer, the crank angle at which each 
reading is taken being determined by the angu- 
lar adjustment of the sleeve. 

The curve shows clearly the two phases of 16 
pressure or impulse P, P' that occur during the 
outflow and return of the gases and the Interven- 
ing phase of depression D. This curve is charac- 
teristic for all internal combustion engines of the 
kind to which the invention relates but the mo- 20 
mentc at which the outflow and return of the 
gases occur will vary. 

The period during the operation of the engine 
at which the aspiration of fluid may be produced 
in accordance with the invention, will be seen 
from Figure 1. 

In the first place a pressure Is registered shortly 
after the opening of exhaust, as shown by the 
part P of the curve. 

A depression is then formed in the cylinder and 30 
a little later a depression D is formed in the ex- 
haust duct and the intensity and magnitude of 
the volume in which it exists will be proportion- 
ate to the kinetic energy contained in the exhaust 
gases. 36 

At this moment the aspiration of external fluid 
through the medium of a communication with the 
interior of the exhaust duct may be obtained. 

The return shock F' then follows and destroys 
this depression phase. 40 

In an engine of the kind to which the inven- 
tion relates, the fresh charge admitted to the 
cylinder cannot fill the complete void left In the 
cylinder and in the exhaust duct by the 'issuing 
gases for practical reasons depending upon the 45 
position, shape and surface of the admission 
orifices. 

In fact, the applicant has found that It an 
orifice is provided In the exhaust duct close to 
the cylinder and is opened to a source of gaseous 60 
fluid external to the exhaust duct, the volume 
of gaseous fluid drawn directly into the exhaust 
duct through this orifice during the depression 
phase described above does not in any way impede 
or reduce the charge admitted directly into the 66 



140 


2 8,1*7,800 

cylinder through the usual admission orifices, al- 


though the volume of gaseous fluid drawn Into the 
exhaust duct may be eaual to this charge. 

Consequently, by providing a pipe communi- 
0 eating with the interior of the exhaust duct of 
the internal combustion engine at a point nearer 
the cylinder than the point from which the burnt 
gases return, and with a source of fluid external 
to the exhaust duct, this fluid can be aspirated 
2 o into the said chamber and thereafter discharged 
Into the exhaust duct, without detriment to the 
utilization of the depression left In the cylinder 
by the issuing exhaust gases for the introduction 
of a fresh charge through the main admission 
K$ Ports. 

Suitable distribution means must be provided 
so that the aspirated air or other gaseous fluid 
will follow the required direction during the suc- 
tion and so that it cannot return from the paths 
20 it is required to follow. 

These means may for example consist of non- 
return valves or of controlled valves or of means 
such as those described in British patent speci- 
fication No. 431,857. 

25 The communication with the interior of the 
exhaust duct must be suitably arranged to permit 
a utilization of the depression phase in accord- 
ance with the invention. 

Figure 2 illustrates one example of an &r- 
20 r&ngement cf the communication with the in- 
terior of the exhaust duct. 

In this figure the exhaust duct Is formed by 
two portions 18 and II connected together by 
a chamber II. 

u The portion 18 of the duct is extended into 
the said chamber by means of a tubular dement 
IS opening into the portion II and situated in 
the interior of a tubular element 14 which ex- 
tends the portion 1 1 of the duct and stops short 
40 of the inner wall of the said chamber 12 . The 
annular space left between the elements IS and 
14 establishes a communication between the in- 
terior of the exhaust duct and the chamber 12 . 
The portion 1 1 of the duct is adjustably con- 
45 nected with the chamber 12 in order to permit 
a regulation of the distance between the free 
end of the element 14 and the internal wall of 
the chamber situated towards the cylinder. 

The dinmeter of the free end of the element 
_ IS is slightly smaller than that of the duct fl 
w and the element 14 at this point is slightly flared 
so as to provide a passage of increasing section 
between the elements IS and 14 from the free 
end of the element IS. 

55 The length of the element IS may also be 
regulated by means of the screw connection pro- 
vided between this element and the duct IS. 
These adjustments enable the action of the de- 
vice to be varied so as to vary the intensity of the 
50 suction which will be exerted through the outlet 
1 1 of the chamber I 2 f 

In carrying the invention into effect the de- 
pression may be employed in order to exert a 
suction on the cylinder, through an additional 
45 outlet other than the main exhaust port, with 
the object of prolonging the suction in the cyl- 
inder, or of Intensifying the suction therein, or 
of sucking residual gases from the cylinder, if 
desired through the intermediary of & reservoir 

70 and suitable distribution means, whereby the 
depression can be accumulated and employed at 
chosen moments. An example of such an ap- 
plication Is illustrated In Figure 3. 

This figure shows an engine cylinder 18 in 

71 which moves a piston II. Air is admitted by 


atmospheric pressure through the inlet II and 
fuel is Introduced by the injector II. iCxhaxat 
takes place through the duct 21 . 

Upon the exhaust duct close to the cylinder 
is provided an intake 21 , which by way of ex- 5 
ample is shown similar to that illustrated la 
Figure 2, communicating with a first chamber 22. 

This chamber 22 is provided at its other end 
with a suction valve 23 or the like, which mas 
be controlled or otherwise, and which allows the 20 
passage of fluid only in the direction towards 
the exhaust duct. This valve 23 Is followed by 
a duct 240 leading to a reservoir 28 connected by 
a duct 26 to an additional outlet 21 provided 
on the cylinder and controlled by a valve 21 actu- 25 
ated by a push rod 26 and rocker arm 36. 

With such an arrangement a depression will 
be detained in the reservoir 26 which may be 
utilized at a convenient time by a suitably timed 
operation of the valve 28, in order to draw resid- 20 
ual gases from the cylinder or to assist the entry 
of the charge to the cylinder through the inlet 
port It. 

In this example the suction valve 23 opens 
automatically each time a depression Is left in 25 
the exhaust duct but it is obvious that the valve 
28 should not open before the exhaust gases have 
left the cylinder and that it should not remain 
open after the inlet port 18 has closed. 

In the example described with reference to 30 
Figure 3, the charge is Introduced into the cyl- 
inder by atmospheric pressure but this does not 
exclude the use of means for maintaining or aug- 
menting the pressure of the supply. 

Any suitable devices may be provided in the 35 
exhaust duct in order to prevent a return wave 
of the exhaust gases from re-entering the cyl- 
inder, such for example as the means described 
in the applicant's British patent specification No. 
431,857. 40 

The valves employed for the suction of the 
fluid in an arrangement according to the In- 
vention may be simple or multiple. These valves 
may be arranged so as to provide a passage of 
large area and they may have any shape pro- 46 
vided they respond to rapid suctions. 

I claim: — 

1. A two-stroke cycle internal combustion en- 
gine having a cylinder, a piston moving in the 
cylinder, exhaust and inlet orifices in the cyl- 
Jnder, an exhaust conduit on the exhaust orifice, 
means for so controlling the exhaust orifice dur- 
ing the firing stroke as to ensure the issuance 
of the burnt gases as a mass, whereby the said 
mass moves outward and thereafter returns from ^ 
a point which may be within the said conduit, 
means for so controlling the inlet orifice as to 
ensure that it will be opened while the exhaust 
orifice is still open and when the said issuance 
of the burnt gases is In full progress and pro- 40 
duces a suction effect in the cylinder, the exhaust 
conduit providing a permanent free passage for 
the burnt gases to the limit of outward travel 
of said gases, and providing a passage for the 
gases during their outward motion as & mass ^ 
having no cross section of substantially greater 
area than any cross section thereof further from 
the cylinder, an Intake on the exhaust conduit 
at a point situated nearer the cylinder than the 
limit of outward travel of the burnt gases, a 70 
supplementary outlet on the cylinder, means for 
so controlling snid outlet as to ensure that it. 
will be opened after the said issuance of the 
burnt gases through the exhaust orifice, a duct 
connecting the said intake to the supplementary 76 
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outlet, controlling means In said duct, said con- 
trolling means opening towards said intake, 
whereby the depression left behind the mass of 
burnt gases when it has passed beyond said in- 
5 take causes a suction effect to be exerted in said 
connecting duct whereby any residual gases may 
be drawn out of the cylinder upon the opening 
of the supplementary outlet or the suction in 
the cylinder during charging may be prolonged 
10 or intensified. 

2 . A two-stroke cycle internal combustion en- 
gine having a cylinder, a piston moving in the 
cylinder, exhaust and inlet orifices in the cyl- 
inder, an exhaust conduit on the exhaust orifice, 
15 means for so controlling the exhaust orifice dur- 
ing the firing stroke as to ensure the issuance of 
the burnt gases as a mass, whereby the said mass 
moves outward and thereafter returns from a 
point which may be within the said conduit, 
20 means for so controlling the inlet orifice as to 
ensure that it will be opened while the exhaust 
orifice is still open and when the said issuance of 
the burnt gases is in full progress and produces 
a suction effect in the cylinder, the exhaust con- 


duit providing a permanent free passage for the 
burnt gasps to the limit of outward travel of said 
gases, and providing a passage for the gases dur- 
ing their outward motion as a mass having no 
cross section of substantially greater area than 5 
any cross section thereof further from the cyl- 
inder, an Intake on the exhaust conduit at a 
point situated nearer the cylinder than the limit 
of outward travel of the burnt gases, a supple- 
mentary outlet on the cylinder, means for so 10 
controlling this outlet as to ensure that it will 
be opefted after the said issuance of the burnt 
gases through the exhaust orifice, & duct con- 
necting the said Intake to the supplementary 
outlet, a reservoir in the said connecting duct, 15 
controlling means in the conduit between the 
reservoir and the said Intake, the said controlling 
means opening towards the said intake whereby 
a depression may be stored in said reservoir for 
utilization In prolonging or intensifying the sue- 20 
tion in the cylinder during charging or in suck- 
ing residual gases from the cylinder through the 
supplementary outlet. 
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4 Claims. 

This invention relates to a method of con- 
structing two-stroke cycle internal combustion 
engines of the kind wherein at least a substantial 
portion of the burnt gases leaves the cylinder at 
6 a speed much higher than that obtaining when 
an adiabatic flow only is involved, and in such 
a short interval of time that it is discharged as a 
mass leaving a depression behind it which is 
utilized in introducing a fresh charge into the 
10 cylinder. 

T7ie object of the invention is to provide a 
method of constructing an improved engine of 
the above kind. 

The invention comprises selecting a crank an- 
16 gle for the charging period, establishing the area 
of the inlet orifice and the rate of opening of 
this orifice so that a working charge can enter by 
atmospheric pressure during the charging period 
as a consequence of the mass exit of the burnt 
gases from the cylinder, selecting a moment for 
opening the exhaust orifice, and making the 
area of the exhaust orifice and the rate of open- 
ing of this orifice such that the area of exhaust 
orifice opened before the opening of inlet ensures 
26 that the mass exit of the burnt gases occurs be- 
fore the opening of inlet. 

The present inventor has already Indicated in 
prior specifications that, the behavior of the gases 
upon and after their discharge from the cylinder 
30 is such as to lead to the belief that the burnt 
gases while still in the cylinder form a body 
having properties similar to those of a resilient 
body, and which upon the opening of an exhaust 
orifice seeks to project itself as a mass from the 
35 cylinder. He has observed that when the ex- 
haust orifice opens there is first a period of delay 
during which the gases do not emerge from the 
cylinder, and that after this delay has elapsed 
the burnt gases issue from the cylinder at a speed 
40 greatly in excess of the speed obtaining for an 
adiabatic flow and as a mass the motion of which 
is governed by the laws of reflection and rebound. 

This high velocity will hereinafter be referred 
to as the ballistic speed of the burnt gases, and 
the force causing this high velocity will be re- 
ferred to as the ballistic energy of the burnt gases. 

In engines of the type to which the present 
Invention relates the whole or at least a substan- 
50 tial portion of the burnt gases leaves the cylin- 
der ballistlcally as a mass. If al’ the exhaust 
gases leave ballistlcally as a mass the cylinder 
will be left substantially void ot burnt gases. If 
only a substantial portion of the exhaust gases 
60 leaves ballistlcally as a mass the burnt gases In 
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the cylinder will be left in a highly rarefied con- 
dition. 

The void or depression left behind the mass of 
burnt gases exists not only in the cylinder, but 
also in the space into which the burnt gases Issue, 6 
e. g., the exhaust duct or system, and the length 
of time this void or depression is maintained is 
determined by a return of the rear zone of the 
gaseous mass on its return rebound towards the 
cylinder. 10 

It will be understood that if a portion of the 
ballistic energy of the burnt gases is destroyed 
during their mass exit from the cylinder the 
volume of the void left behind the gases and the 
duration of time for which this void is main- 1® 
tained will be correspondingly reduced. 

Another object of the invention is therefore to 
provide a two -stroke internal combustion engine 
as set forth above, in which the burnt gases re- 
tain the maximum proportion of their ballistic 20 
energy when they leave the cylinder, and in which 
a maximum utilization is made of the void left 
by the burnt gases upon their mass exit from the 
cylinder. 

With this object in view, the invention further 26 
consists in selecting a crank angle for the charg- 
ing period, in establishing a maximum area of 
the inlet orifices and a maximum rate of opening 
of these orifices, within mechanical limits, es- 
tablishing exhaust orifices having a maximum 30 
area within mechanical limits and establishing 
the period between the opening of the inlet 
orifices and opening of the exhaust orifices such 
that the inlet orifices will open when the burnt 
gases commence to leave the cylinder as a mass 35 
and arranging for the area of erJtiaust orifices 
which is opened prior to the opening of the inlet 
orifices to be opened at a maximum rate within 
mechanical limits, whereby the maximum charge 
may be introduced into the cylinder in the time 40 
available. 

The invention also consists in providing means 
for combating any objectionable influence of a 
return of the burnt gases or of a prolonged suc- 
tion on the charge contained in the cylinder. 45 
Further features of the invention will appear 
from the following description in which refer- 
ence will be made to the attached drawings. 

In the drawings: 

Figures 1 to 5 are records of pressures taken 60 
during the exhaust and inlet periods in the ex- 
haust pipe of an engine according to the in- 
vention, close to the cylinder, the figures corre- 
sponding respectively to speeds of 800, 1000, 1200, 
1300 and 1500 R. P. M. 66 
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Figure 6 shows three records of pressures taken 
on the exhaust duct of another engine, at one 
speed but with different exhaust systems on the 
engine. 

0 Figures 7, 8 and 9 are records of pressures 
taken on the inlet duct of an engine during the 
exhaust, and admission periods. 

Figure 10 is an exhaust and inlet port area 
diagram. 

10 Figures 11 and 12 show by way of example a 
cross section through a cylinder of an internal 
combustion engine showing the exhaust ports 
and the passages leading from these ports into 
an exhaust pipe. 

15 Figure 13 is a timing diagram relating to a six- 
cylinder engine. 

Figures 14 and 15 show an arrangement of ex- 
haust duct and manifolds in accordance with 
the invention for a six-cylinder engine. 

£0 The records shown in Figures 1-9 were all ob- 
tained by means cf the device described in ap- 
plication Serial No. 82,958 filed June 1, 1936. 

In these figures the ordinates represent pres- 
sures above and below atmospheric pressure and 
£5 the abscissae represent crank angles. EO, EQ 
AO, AC, indicate respectively exhaust opening 
and closing and inlet opening and closing, while 
bottom dead centre is indicated at BDC. 

The curves shown In Figures 1 to 5 are differ - 
8 * ential pressure curves which also enable the 
velocity and direction of movement of the gases 
to be observed. 

Each of these figures shows two similar curves, 
one in full lines and one in dotted lines. Where 
85 the full line curve lies above the dotted line curve, 
the direction of motion is away from the cylinder. 

The difference between the ordinates of the 
two curves at any point is also an indication of 
thd velocity of the gases at any moment. 

40 By referring to any one of Figures 1 to 5, it 
will be seen that when the exhaust port opens 
there is first a delay during which substantially 
no change in pressure occurs in the exhaust pipe 
and that thereafter the pressure rises abruptly 
45 to a peak, then falls abruptly to a pressure below 
atmospheric pressure and that the pressure sub- 
sequently rises again and destroys the depres- 
sion. 

If these changes in pressure are considered in 
50 conjunction with the direction of motion of the 
gases, it will be seen that during the period of 
delay, a substantially constant and very small 
pressure difference exists in the exhaust pipe. 
Thereafter the pressure difference increases very 
55 rapidly to a maximum pressure difference which 
remains substantially constant for a little dis- 
tance on either side of the pressure peak of the 
curve. This can be taken as representing the 
passage of the mass of burnt gases at high velocity 
CO Past the indicating device. 

Thereafter the movement continues to be in 
the direction away from the cylinder, but by this 
time the mass of burnt gases has passed the in- 
dicator and is at some point further along the 
65 exhaust pipe and the pressure difference indi- 
cates the state of the medium which is at that 
moment passing the indicator. 

It will then be seen that at a later point in 
the crank angle, the two curves cross indicating 
70 a reversal in the direction of motion and that 
this reversal is followed by the return impact of 
the burnt gases. 

The curves shown In Figures 1 to 5 were ob- 
tained from an engine constructed in accordance 
75 with the invention. It will be seen that inlet 


opens substantially when the tail end of the 
mass of burnt gases has left or is about to leave 
the cylinder, and it will also be seen from the 
curves that the entering charge arrests the rapid 
fall in pressure and partly fills the void left be- 5 
hind the mass of burnt gases. Subsequently 
the pressure again falls in the exhaust pipe be- 
fore the reversal in direction occurs, showing that 
in this example the entering charge cannot fill 
completely the void left by the burnt gases in 10 
the exhaust system. 

If the inlet orifice instead of being opened in 
the manner indicated above had remained closed 
when the burnt gases left the cylinder, the curves 
would have shown a fall in pressure to a very 15 
high degree of vacuum and an equally abrupt re- 
turn to a high pressure, since there would be 
nothing in the cylinder to oppose or attenuate 
this return, and it should be understood from 
the above that the form of the curve is modified 20 
by the fact that the entering charge follows the 
issuing burnt gases, although the characteristics 
of the curve remain unaltered. 

From the curves it can be seen that the rise in 
pressure to the peak and the subsequent drop 26 
in pressure are extremely abrupt and cannot be 
compared with an adiabatic expansion and that 
the total exhaust occupies an interval of time 
which is shorter than that which would be re- 
quired for the burnt gases to expand adiabatically 80 
down to atmospheric pressure, and it can be 
concluded that the true and instantaneous speed 
of mass exit from the cylinder is much higher 
than the mean overall speed of exit end Is higher 
than the speed cf sound. 86 

In this connection it should be ro x M that the 
indicator records changes of pressure in the ex- 
haust pipe close to the cylinder. If the accom- 
panying changes in pressure in the cylinder are 
considered it will be understood that the abrupt 40 
rise In pressure to the peak of the curve corre- 
sponds to an equally abrupt drop in pressure in 
the cylinder behind the gases. 

Further, it can be shown by multiple observa- 
tions that after the exhaust the cylinder remains 45 
under a depression and it will be seen from the 
curves that this depression is prolonged for a 
certain duration of time, after which the return 
impact occurs. 

From the above observations it can be concluded 50 
that the gases before their exit from the cylinder 
have an initial velocity proper and that adiabatic 
expansion only intervenes as a secondary phe- 
nomenon. 

The above and other observations have led the 55 
inventor to conclude that the mean speed of 
ballistic exit of the burnt gases from the cylinder 
is of the order cf M 00 to 1800 metres per second, 
taking into account the fact that this exit does 
not occupy the total time interval elapsing be- 60 
tween exhaust and inlet opening, in view of the 
initial delay that must exist and the tolerance 
that must be allow Ki in a variable speed engine. 

For the purpose of this description the total 
exhaust of the burnt gases is considered to be 66 
the period elapsing from the moment of opening 
the exhaust orifice to the moment when the tail 
end of the issuing mass of burnt gases leaves 
the cylinder. 

The delay that occurs at the commencement of 70 
this period before the burnt gases engage in the 
exhaust system may be explained by a considera- 
tion of the viscosity and dynamic inertia of the 
burnt gases and the static inertia of the gaseous 
mass external to the exhaust orifice. 76 
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The gaseous medium external to the exhaust 
orifice possesses a static inertia that has to be 
overcome by the burnt gases before the latter 
can issue from the cylinder. 

5 But when the exhaust orifice first commences 
to open and only a narrow slit is open, the mass 
of burnt gases cannot on account of its viscosity 
emerge from the cylinder and engage fully with 
the gaseous medium external to the exhaust 
10 orifice, and so is unable to exert its full force 
on this external gaseous medium. 

When such a sufficient area of exhaust orifice 
has opened, the burnt gases may not at this mo- 
ment be directed towards the exhaust orifice, 
15 in other words, there may be a delay due to the 
dynamic inertia of the burnt gases. 

The true moment of commencement of exhaust 
will be when a sufficient area of exhaust orifice 
has opened for the burnt gases to emerge bodily 
from the cylinder and the said gases issue from 
the cylinder as a mass and overcome the resist- 
ance of the external gaseous medium. 

The above effects explain the period of delay 
that occurs at the commencement of the curves 
shown in Figures 1 to 5 before the abrupt rise 
In the pressure occurs. 

When leaving the cylinder the mass of burnt 
gases forms a column in passing through the 
exhaust orifices, and the time occupied by the 
exit of the burnt gases is affected by the length of 
this column, that Is by the area of the exhaust 
orifice and by the necessity of deforming the 
viscous mass of burnt gases during their passage 
through this orifice. 

If the angle between exhaust opening and inlet 
opening has been determined in advance it will 
be understood that a sufficient area of exhaust 
orifice must open before inlet opens to ensure 
that the mass exit of the burnt gases from the 
cylinder occurs within this angle, and this may 
be arrived at from a consideration of the mean 
velocity of total exit of the burnt gases referred 
to above and of the mean area of the exhaust 
orifice opened in the angle in question and the 
fact that the volume of burnt gases must be dis- 
charged Lu an interval t of time which is shorter 
than that required for the adiabatic expansion 
to manifest itself as a dominating factor. 

For the purpose of making such a calculation 
the time interval t within which the total exhaust 
must be effected may be taken as being of the 
order of 1/300 sec. It may of course with advan- 
tage be smaller than this amount. 

The inventor has found that calculations of 
sufficient accuracy to ensure practical results 
may be made by assuming that the cylinder vol- 
ume of burnt gases is discharged, without ex- 
pansion, at a hypothetical mean speed. This 
3 Q hypothetical mean speed of discharge will vary 
according to the fuel employed, the mixture and 
the conditions of combustion, among other 'ac- 
tors. For fuel oil with good combustion a hypo- 
thetical mean speed of 450 metres per second 
may be assumed, although this hypothetical speed 
may be as low as 300 metres per second or as high 
as 700 metres per second. 

By way of example if 

N is the number of revolutions per second of 
V 0 the engine 

A is the area of exhaust orifice opened before 
inlet opens in cm 7 

K is a constant depending upon the form of ex- 
haust orifice and the area opened per unit 
75 movement of the piston or crankshaft 


KA being the means effective area of exhaust 
orifice opened before inlet opens 
W is the volume of the cylinder in cm 3 
v is the mean velocity of mass exit of the burnt 
gases In metres per second 
a Is the angle of exhaust lead 

Then the length of the column formed by the 
passage of the mass of burnt gases through the 
exhaust orifice will be 10 

ToS^ mctrc * 

The time interval occupied by this mass exit will 
be 

W 15 

100KA. ****• 

The time elapsing between exhaust opening and 
inlet opening will be 


Z60N 

so that the following relationship should exist 


a W 

ZGON*** 100KA,** P 

But it will be seen that in order to reduce the 
period of total exit of the burnt gases to a mini- 
mum the area of the exhaust orifice should be 
made as large as possible, and the area of ex- 
haust orifice which is opened prior to the open- 30 
ing of the inlet orifice should be opened at a 
maximum rate, all within mechanical limits. In 
this case it will be more simple to open the full 
area of the exhaust orifice at a maximum rate 
but it will be understood that the rate of opening 35 
the remaining area of the exhaust orifice after 
the gases have left the cylinder is not of impor- 
tance. 

In this way if the angle available for evacuat- 
ing and charging the cylinder has been deter- 40 
mined in advance, the maximum portion of this 
angle will be available for the purpose of charg- 
ing. 

. The choice of such an angle will depend upon 
the construction of the engine and will be deter- 45 
mined in accordance with well-known principles 
in order to give the maximum useful cylinder 
volume. 

By experiment it has been found by the inven- 
tor that the passage to the atmosphere can be 50 
opened when the outgoing gases have left the 
place at which the admission orifice is situated. 

For example in an opposed piston engine where- 
in the inlet and exhaust orifices are at opposite 
ends of the cylinder, the admission orifices can 55 
be opened when the exhaust gases are still in 
the bottom of the cylinder, near the place at 
which the exhaust orifices are situated; this is 
explicable by the viscosity of the gases and by 
the velocity with which they are leaving. CO 

From the foregoing, and as described in appli- 
cation Serial No. 738,014 filed August 1st, 1934, 
it will be seen that if the inlet is opened at the 
moment when the issuance of the burnt gases as 
a mass is in full progress and causes a suction 55 
effect to be exerted in the cylinder a fresh charge 
may be admitted by the action of the ambient 
atmospheric pressure. More precisely, inlet 
should open when the rear face of the issuing 
mass of burnt gases leaves the exact position 70 
of the inlet orifices. 

If the opening of inlet is delayed, the time avail- 
able for charging is reduced, and the return im- 
pact occurs more quickly and with greater vio- 
lence. The curves show that the latest moment 75 
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at which such an opening could be effected is Im- 
mediately before the reversal in direction of mo- 
tion occurs. 

In order to obtain the maximum result inlet 
6 should open without delay and with the greatest 
area opened per unit of movement of the piston. 
But in practice a fairly large tolerance is per- 
missible from the constructional point of view in 
order to obtain a highly satisfactory operation 
10 of the engine. 

It is therefore possible to choose a moment for 
opening the inlet orifice or orifices which is 
situated relatively close to the moment of exhaust 
of the burnt gases and which remains suitable for 
15 charging the engine over a wide range of speeds. 
In Figures 1 to 5 it will be seen that the timing 
of inlet opening remains unaltered and that over 
the range of speeds represented by the curves, 
this opening of inlet is always relatively close to 
20 the moment of exit of the burnt gases. 

For example in Figures 1 to 5 inlet is timed 
to open 28*4° after exhaust and this timing re- 
mains suitable over at least the speed range rep- 
resented by the figures. The volume of the en- 
g5 gine cylinder is 700 ccs. and the area of exhaust 
orifice opened before inlet opens is 13.8 sq. cms. 
If the rate of opening of the exhaust orifices is 
increased the inlet may be opened 20 ° after ex- 
haust when 13.2 sq. cms. of exhaust oiifice have 
30 opened. The maximum rate of opening that is 
mechanically possible in this engine will permit 
inlet to be opened 18° after exhaust when 13.6 
sq. cms. of exhaust orifice have opened. In all 
three cases ,he total area of exhaust orifice is 
35 larger than that open at the moment of inlet 
opening, and approaches the maximum area 
that can be allowed. 

In order that the cylinder may be filled with a 
fresh charge, the inlet orifices must have a suf- 
40 ficiently large area and be open for a sufficiently 
long time in order that a fresh charge can enter 
under atmospheric pressure into the cylinder and 
into a part of the exhaust duct. 

If the angle available for charging has been 
45 determined, the area of the inlet orifice that must 
be opened to ensure the entry of a sufficient 
charge mil? easily be determined from a consider- 
ation of tne known mean speed of expansion of 
air from atmospheric press^ire into a void and of 
50 the volume of the void to be filled. 

For example a calculation may be based on 
the requirement of introducing say 1.5 cylinder 
volumes of air into the cylinder snd exhaust 
duct, and a mean speed of entry of the charge 
55 of 50 to 60 metres per second may be assumed. 
This value will be a conservative one and the 
mean speed of entry for practical purposes may 
be as high as 100 metres per second. 

It will however be preferable and also more 
60 simple in practice If the inlet orifice is made as 
large as possible and the full area of the inlet 
orifice is opened as rapidly as possible so that this 
full area will be available for charging for the 
longest possible portion of the charging period. 

05 The curves show clearly the time necessary 
and available for the introduction of the charge 
from which a suitable admission arrangement 
can be arrived at and how the area and time of 
opening of the inlet orifice may be established 
70 in relation with the characteristics of the ex- 
haust system. 

Figure 10 shows a port area diagram for a cyl- 
inder of 1.5 litres capacity established in con- 
formity with the above indications. The curve 
75 1 relates to the opening of the exhaust orifice 


and the curve 2 to the opening of the Inlet orifice. 

The ordinates of the curves represent port areas 
and the abscissae crank angles. 

The portions of the curves which are of great 
importance are as follows: 5 

(1) The portion e of the exhaust curve up to 
the moment when the inlet orifice opens. This 
area must be sufficient for the purpose set forth 
and preferably the slope of the curve should be 

as steep as possible. 10 

(2) The portions of the curves I and 2 that 
overlap. During this angle both inlet and ex- 
haust are open, and air is passing through the 
cylinder and the exhaust duct. A variation in 
this angle will vary the amount of cooling ob- 15 
talned by the air that passes through the cylin- 
der. 

(3) The portion a of the admission curve, after 
the exhaust has closed and when the pressure in 
the cylinder is restored to the ambient pressure. 20 
The velocity of the incoming charge will during 
this period add its action to that due to a dif- 
ference in pressures. 

Now the charge introduced must be retained 
in the cylinder without being forced out or sucked 25 
out by the movements of the exhaust gases which 
either continue in the direction leading from the 
cylinder or are transformed into a return Impact 
by the rebound which occurs either in the exhaust 
ducts or in the open atmosphere. 20 

The curves shown in Figures 7, 8 and 9 indicate 
the manner in which the reversal in direction of 
the burnt gases is transmitted through the inlet. 

In Figure 7 the full and dotted line curves serve 
to show, as in Figures 1 to 5, the moment when 35 
this reversal in direction appears at the inlet. 

From these three figures it will be seen that at 
low speeds the return impact of the gases is liable 
to be objectionable and that at high speeds the 
inlet may close before the return occurs. 40 

The return impacts force out and foul the 
charge; an unnecessarily prolonged suction 
which follows the admission reduces the charge 
by placing it under a depression. These two ob- 
jectionable factors come from outside the cyl- 45 
inder and have a repercussion upon its contents. 
They must either be suppressed or attenuated, 
or retarded or separated from the cylinder, so 
that their influence cannot affect the content: of 
the cylinder itself. This may be obtained by the 50 
timing of the engine itself, by the timing of the 
exhaust proper, by an arrangement of the ex- 
haust system in form and in volume or by corre- 
sponding arrangements in the exhaust system. 

For example a suitable exhaust closure may be 65 
established as describe for example in applica- 
tion Serial No. 84,184 filed June 8 , 1936, or in 
application Serial No. 83,120 filed June 2, 1936, 
whereby the objectionable factors in question 
may be separated from the cylinder. 60 

Or the means described in application Serial 
No. 738,016 filed August 1 1934 may be utilized 
in order to prevent the letum impact from re- 
entering the cylinder. 

The introduction of a supplementary com- 65 
pressed charge at the end of the admission period 
as described in application Serial No. 745,814 
filed September 2^, 1934 or the injection of air 
into the exhaust duct at a suitable moment as 
described in application Serial No. 46,804 filed 70 
October 24, 1935 will oppose and retard the re- 
turn impact. 

The use of means such as those described In 
application. Serial No. 38,826 filed August 31, 1935 
and In application Serial No. 82,959 filed June 75 
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1, 1936 and those described in application Serial 
No. 46,805 filed October 25, 1935. will permit the 
said objectionable actions to be opposed and at- 
tenuated. 

5 These means are simply indicated by way of ex- 
ample and any means which ensure that the 
charge will be retained in the cylinder may be 
employed. 

The inventor has found by experiment that the 
10 absolute velocity of exit of the burnt gase 3 from 
the cylinder may be retarded or accelerated ac- 
cording to the nature of the space which the gases 
enter when they leave the cylinder. 

For example exhaust pipes which are of too 
15 large dimensions in cross sectional area retard 
the speed of exit ana bring the return impact 
nearer. Tubes which are too small in cross sec- 
tional area retard the exit by compressing the 
column and deforming the gaseous body; the in- 
20 crease in density of the burnt gases as a conse- 
quence of this compression causes the column of 
exhaust gases to lose momentum, due to the con- 
sequently increased friction. In all these cases 
it can be understood that the actions referred to 
25 are those which produce a negative acceleration 
on the issuing gases. Tubes of suitable dimen- 
sions maintain the speed of the gases, and the 
total exit of the gases from the cylinder occurs 
more rapidly. 

80 The exit of the exhaust gases directly into the 
atmosphere, that is. when no exhaust system is 
present, occurs with a high loss in velocity; the 
return impact by rebound follows immediately 
and the duration of time for which the cylinder 
85 remains void is shorter than in all the other cases. 

A further object of the invention is to indicate 
the requirements that must be fulfilled by an 
exhaust pipe for an engine constructed in ac- 
cordance with the invention, in order to ensure 
40 that the issuing mass of burnt gases will be sub- 
jected to a minimum deceleration during its out- 
ward motion. 

As stated above when the exhaust gases leave 
the engine cylinder consequent upon the open- 
4 *> ing of the exhaust ports, they tend to form a 
column, the length of which will be dependent 
upon the area of the exhaust orifices open during 
the mass exit of the gases. 

At this moment the issuing mass of burnt gases 
50 possesses a very high velocity and conform to 
the laws of reflection. 

Consequently upon issuing from the cylinder it 
should encounter in the exhaust passages and In 
the exhaust pipe no surfaces capable of reflecting 
55 It back into the cylinder or of impeding its mo- 
tion away from the cylinder. 

Further, the energy contained in the exhaust 
gases is capable of displacing a proportionate mass 
of the resisting gaseous medium external to the 
60 cylinder. If this resisting medium presents a 
large surface to the issuing mass of burnt gases, 
the latter will be deformed and flattened, and the 
issuing column will be of shorter length, its nega- 
tive acceleration will be greater, and its return to 
U 5 the cylinder will be more rapid. 

Exhaust pipes of too large a diameter relative 
to the exhaust ports will cause this to occur, and 
the extreme case will be encountered, if the ex- 
haust gases are allowed to issue directly into the 
;o open atmosphere. 

On the other hand, if the exhaust pipes are of 
too small a diameter, the resistance to deforma- 
tion of the issuing mass, which may possess a 
very high viscosity again exerts too great a de- 
5 celerating motion on the issuing mass. It re- 


tards the complete evacuation of the burnt gases 
and causes the return to occur more rapidly. 

In both cases therefore the time available for 
effecting the admission is reduced. 

According to the Invention the walls of the 6 
passages and ducts through which the burnt 
gases pass upon leaving the exhaust orifices are 
so formed that they always tend to guide and 
reflect the burnt gases away from the cylinder in 
the direction of exhaust and the section of passage 10 
for the burnt gases through these passages and 
ducts is made such that the burnt gases upon leav- 
ing the exhaust orifices do not thereafter en- 
counter any sudden and considerable increase or 
decrease in cross section capable of causing an 15 
increase or decrease in cross sectional area of 
the column. 

Preferably in order to facilitate the outward 
movement of the burnt gases and hinder their 
return towards the cylinder, the exhaust ducts 20 
v lll be increased progressively in cross section in 
the direction of exhaust. 

This progressive increase in cross section win 
allow for the expansion of the burnt gases during 
their motion away from the cylinder. 25 

A suitable arrangement for carrying out the 
above requirements is indicated in Figures 11 and 
12. In these figures it will be. seen that the pas- 
sage 4 in the cylinder block connecting the ex- 
haust orifices 8 with the inlet end of the ex- go 
haust pipe 5 is so formed that it comprises no 
surfaces capable of reflecting the issuing gases 
back into the cylinder and that from its point of 
connection with the cylinder the exhaust pipe in- 
creases progressively in cross section. $5 

In arranging the form and shape of the exhaust 
passages, account should be taken of the fact that 
the exhaust mass tends to be projected from the 
cylinder in a natural direction which is that of the 
cylinder axis, and it is for this reason that in 40 
Figure 12 the exhaust passage is inclined to the 
axis of the cylinder in order to deflect the issuing 
mass of burnt gases as little as possible. 

A further object of the invention is to specify 
the relationship that should exist between the 45 
length of the exhaust pipe and the return im- 
pact of the burnt gases for the most advantageous 
operation of the engine. 

It has been stated above that the Inventor has 
found by experiment that when the burnt gases ^ 
issue from the cylinder directly into the atmos- 
phere, the return impact of the burnt gases occurs 
most rapidly and that the rapidity of the return 
impact is reduced when the burnt gases jiass 
through an exhaust pipe before reaching the M 
atmosphere. 

He has observed that the delay and the intensity 
with which the return impact occurs is influenced 
within limits by a variation in length of the 
exhaust pipe. 44 

Figure 6 illustrates the Influence of a varia- 
tion in length of the exhaust pipe upon the 
return impact. In this figure three curves are 
shown which are all taken at the same engine 
speed, but with exhaust pipes of differrnt lengths ^ 
fitted - to the engine, the length of the exhaust 
pipes being 2 feet 6 inches (chain dotted curve), 

4 feet 5 inches (full line curve), and 5 feet 8 
inches (dotted curve) , respectively. 

The curves shown in Figure 6 are similar to 70 
those represented in Figures 1 to 5, but indicate 
pressure variations only. 

It will be seen that as the length of the pipe 
increases, the return Impact becomes more dis- 
tant, a longer period of time is available for 75 
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charging and consequently the effect of the re- 
turn impact upon the cylinder is reduced In in- 
tensity. 

If the length of the exhaust pipe continues to 
6 be increased, a point is reached when no further 
retardation of the return impact can be obtained. 

If the exhaust pipe Is of tapered form flaring 
suitably outwardly, then a further increase be- 
yond this point will not be objectionable, since 
10 the continued increase in cross section of the 
exhaust pipe will permit the expansion of the 
gases to occur, but such an Increase in length 
will be unnecessary. If, on the other hand, the 
exhaust pipe Is cylindrical in form, then by 
15 lengthening the exhaust pipe still further after 
the point of maximum retardation has boen 
reached, the return impact will again commence 
to occur sooner and this is due to the fact that 
the cylindrical form of the pipe will not permit 
20 the free expansion of the gases and produces a 
choking effect which opposes the final exit of 
the gases after their expansion. 

If a silencer or expansion chamber is fitted on 
the exhaust pipe, then in the case when the 
25 exhaust pipe is of tapered form, such a silencer 
may be fitted at the end of an exhaust pipe of 
substantially the required length to give the 
maximum retardation in the return impact, but 
as will be seen from the above remarks, the 
SO silencer may be fitted at the end of a suitably 
tapered exhaust pipe of more than the necessary 
length without objection. 

In the case when the exhaust pipe is cylindri- 
cal in form, the silencer should be fitted at the 
35 end of an exhaust pipe of substantially the re- 
quired length to give the maximum retardation, 
and if any further lengthening of the exhaust 
pipe is required, this should be provided beyond 
the silencer or expansion chamber. 

40 By way of indication it may be stated that in 
general It will be found that a length of exhaust 
pipe from 3 feet to 6 feet wi)l be found sufficient 
for the above purposes. 

In explanation of the above it may be stated 
45 that the volume of the void left In the cylinder 
and the exhaust pipe by the mass exit of the 
burnt gases will depend upon the mass of the 
external gaseous medium that can be displaced 
by the work the exhaust gases are allowed to do 
55 by impact upon this external medium, other 
things being equal. 

The time absolute for which this void lasts is 
dependent upon the length of the path travelled 
by the exhaust gases before they rebound to- 
55 wards the cylinder, or more generally upon the 
velocity of exit of the burnt gases and the neg- 
ative acceleration they then undergo. 

If the exhaust gases are allowed to Issue di- 
rectly from the exhaust orifice into the open at- 
50 mosphere, the head of the issuing column of 
gases will bf flattened and enlarged. The re- 
sisting surfac a will thereby be increased in area 
and the negative acceleration applied to the is- 
suing mass will be extreme’y high. Consequently 
55 the path travelled by the gases from the cylinder 
will be extremely short and the rebound into the 
cylinder will follow with extreme rapidity. 

If on the other hand the gases have to pass 
through an exhaust pipe or the like before reach- 
70 ing the open atmosphere, and this pipe is too 
short to contain the column of exhaust gases, 
the head of the latter is still crushed and de- 
formed against the atmosphere external to the 
pipe so that the time elapsing between the exit 
76 and the return of the exhaust gases is reduced in 


relation to the extent of this deformation of the 
column. 

If the exhaust pipe Is lengthened, a dimension 
will be reached for which for a given explosive 
force the rebound of the burnt gases will occur 5 
from a plane or frontal zone situated adjacent 
the end of the pipe. After this length of the 
pipe has been reached, the further lengthening 
of the pipe will not produce any additional de- 
lay In the occurrence of the return impact. In 10 
othen words, there will be no advantage In 
lengthening the pipe beyond this point. 

If silencers or expansion chambers are pro- 
vided on the exhaust duct, their position will be 
determined exactly by the point from which the 15 
rebound of the burnt gases occurs for the 
strongest explosions. 

At explosions of high intensity the energy con- 
tained in the burnt gases and their exit velocity 
are greater and consequently the point from 20 
which they rebound is situated more distant from 
the engine than for explosions of lower intensity. 

For weak explosions, therefore, everything will 
occur as if the exhaust pipe were too long, in 
other words, without advantage from the point of 26 
view of the present invention. 

Expansion chambers will however become ob- 
jectionable if they are situated too near the cyl- 
inder, that is to say, nearer the cylinder than 
the furthest point of rebound of the column of 30 
exhaust gas for the strongest explosion over the 
working range of the engine. 

Such a sudden increase in section of ex- 
haust pipe as a consequence of the provision of 
an expansion chamber or the like, nearer than 35 
the point of rebound of the burnt gases, w;mld 
have a similar objectionable effect to that which 
occurs if the point of rebound is allowed to be- 
come situated in the open atmosphere. In other 
words, the point of rebound would become formed 45 
in the expansion chamber itself, the return would 
consequently occur in a reduced space of time 
and the period available for charging would be 
shortened. 

According to the invention therefore, the char- 45 
acteristics of the exhaust system are so related 
to the energy contained in the burnt gases upon 
their exit from the cylinder at maximum inten- 
sity of explosion that the return impact of the 
said burnt gases always occurs from a point sub- 55 
stantially within the said exhaust system, the 
shape and form of the said exhaust system being 
such that it comprises no sudden changes in sec- 
tion and that the issuing mass of burnt gases is 
always thereby guided and directed away from 65 
the cylinder. 

This result may be attained by providing the 
engine with an exhaust pipe of such a length 
that the return of the burnt gases for an ex- 
plosion of maximum intensity occurs from a 50 
point situated substantially within the said ex- 
haust pipe, and the requisite length of such an 
exhaust pipe can readily be determined by trial, 
as will be understood from the foregoing. 

Further, when the engine comprises a silencer 55 
or expansion chamber according to the invention, 
such silencer or expansion chamber will be situ- 
ated on the exhaust system or duct at a point 
more remote from the cylinder than the point 
from which the return impact of the burnt gases 70 
occurs. 

The above considerations concerning the form 
and length of the exhaust passages and ducts 
apply equally well to a single cylinder and multi- 
cylinder engine, but in determining the form and 75 
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arrangement of the exhaust ducts and manifolds 
for a multi-cylinder engine further considera- 
tions arise as will be understood from the fol- 
lowing. 

6 In an internal combustion engine according 
to the invention, normally the exhaust, the pas- 
sage of fresh gases through the cylinder and the 
end of the charging will occupy about 120 ° of the 
crank movement. 

10 According to the relative timing of the cylin- 
ders, the total phases of exhaust and charging 
may overlap. 

It may occur that the exit from one of the cyl- 
inders is produced at the same time as an ad- 
15 mission occurs into another cylinder and ac- 
cording to the number of cylinders the phases 
of admission and exhaust may themselves over- 
lap. 

Normally for three cylinders grouped together 
20 on a crank shaft, these total phases of outlet of 
the burnt gases and entry of the fresh charge 
are separated in time or overlap very little ac- 
cording to the timing of the engine. 

With the timing represented in Figures 1 to 5, 
25 for example, in a three cylinder engine there will 
be an overlap of & lew degrees. 

In engines with four or more cylinders all 
these phases overlap. 

When establishing the exhaust manifolds for 
50 a multi-cylinder engine, care must be taken to 
establish a protection against disturbances that 
may be produced by the exhaust from one of the 
cylinders upon another cylinder. 

The burnt gases upon their mass exit from the 
35 cylinder and also upon their rebound towards the 
cylinder, behave like a projectile and are gov- 
erned by the laws of reflection. 

Consequently if the burnt gases upon their 
outward passage from one cylinder encounter 
40 surfaces which tend to reflect them towards an- 
other cylinder in which the exhaust and inlet 
orifices are open at this moment, this may have 
an objectionable effect upon the charging of the 
latter. 

4 - Consequently in arranging the junctions be- 
tween the ducts and manifolds in a multi-cylin- 
der engine, care will be taken to ensure that the 
walls of the ducts and junctions are profiled in 
such a way that the angles of reflection always 
£0 lead the gases to the exterior and away from 
another cylinder which may be open at this 
moment. 

Further, in establishing the exhaust manifolds 
and exhaust pipes, the same rules must oe ob- 
55 served as for an exhaust pipe of a single-cylin- 
der engine, that is to say, there must be no sud- 
den and considerable increase or decrease in 
cross section on the path followed by the gases 
as this will cause the exit speed to be reduced 
50 and a total or partial rebound may be produced 
which may influence the cylinder which is ex- 
hausting or one of the cylinders in which the 
exhaust and inlet orifices are open. 

In addition when the mass of burnt gases 
55 leaves the cylinder during the exhaust period, 
and when it is passing a junction which is also 
connected with a cylinder open to admission 
at this moment, and in which exhaust is still 
open, the mass of burnt gases in passing the 
/0 Junction causes a shock to be transmitted along 
the exhaust duct leading from the second men- 
tioned cylinder and this shock may have an ob- 
jectionable repercussion on the admission of the 
charge into the latter cylinder. 

This shock will be transmitted for a certain 


distance, after which its effect will be no longer 
noticeable. This objectionable effect may be 
overcome by making the distance between the 
junction and the second cylinder of a length at 
least equal to the minimum distance that will 5 
ensure that the objectionable effect mentioned 
above will not be transmitted to this cylinder. 

A suitable distance for any particular case 
will be found by trial, but as a general guide it 
may be mentioned that a distance of 20 to 30 10 
cms. will generally be sufficient for an engine of 
1 litre capacity per cylinder. 

Alternatively, reflecting baffles of the form de- 
scribed and shown in application Serial No. 
738,016 filed August 1, 1934 may be provided at 15 
the Junctions between the ducts leading from 
two cylinders, in order that the effect of any 
such shock will be minimized. 

Care should also be taken to combat any ob- 
jectionable action which may be produced by a 20 
prolonged suction caused by the exit of the burnt 
gases from one cylinder upon the charging of 
another cylinder. This may be avoided by a 
suitable closure of exhaust, as described in appli- 
cation Serial No. 84,184 filed June 8 , 1936. 25 

Further, the return of the burnt gases which 
have left one cylinder may have an objectionable 
effect upon the charging of another cylinder and 
a protection should be afforded against such ob- 
jectionable action. 80 

This protection may also consist in establlsn- 
ing a suitable closure of exhaust as described in 
application Serial No. 83,120 filed June 2, 1936 
for the cylinder to be protected or by the pro- 
vision of the reflecting baffles of application Se- 85 
rial No. 738,016 referred to above which redirect 
any returning gases in the direction of exhaust 
or by any other suitable means which ensure 
that the said objectionable action will be com- 
bated. 45 

In establishing the junctions between the ex- 
haust ducts and manifold of two cylinders or of 
two groups of cylinders, account must also be 
taken of the state of the gases at the junctions 
and the ducts which will be traversed by the 45 
exhaust gases. Two extreme conditions may be 
produced. Either the exhaust gases issuing from 
one cylinder may encounter the return impact 
of the preceding exhaust or the exhaust gases 
may enter a void left by the preceding exhaust. 50 
If it is desired to reduce the absolute time of 
exhaust, an arrangement may be adopted such 
ttiat each exhaust from one cylinder falls into 
the void left by exhaust from the other cylinder. 

The same considerations apply to the columns of 55 
exhaust gases, and the columns of entering gases 
which follow the exhaust columns. Those col- 
umns which have the same direction of move- 
ments do not exert any resistance upon each 
other, on condition that the spaces and the sec- 
tions of passage permit them to Intermingle with- 
out too much deformation, and it is logical to 
consider that the angles at which such columns 
encounter each other must be reduced to a mini- 
mum. 55 

It should be noted that with a multi-cylinder 
engine the following effects may be obtained by 
arranging the exhaust ducts in accordance with 
the foregoing: — 

1. That every exhaust will occur through a 70 
duct contairtng gases which are under a de- 
pression and which are moving in the same 
direction as the exhaust. This current of gases 
under depression is formed by the admission 
gases ahich pass through the cylinder of one of 
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the cylinders adjacent the cylinder which Is un- 
der exhaust. 

X That exhaust rases moving outwaids 
through the piping may encounter returning gases 
£ from the preceding exhaust and may arrest these 
returning gases at a constant distance from the 
cylinders. 

By means of the Invention, the cylinders may 
be protected against any disturbances from the 
10 adjacent cylinders by the length of the first junc- 
tion, by the surfaces which reflect and guide the 
gaseous column, by the sections permitting the 
free passage of the columns without restriction 
and without crushing against the ambient mass, 
15 by the position of the junction of the manifolds. 

This position is determined by the position of 
the returning column of gases from the preced- 
ing exhaust, the length, the volume of the ex- 
haust duct after these first junctions and the 
SO position and volume of the silencer or expansion 
chamber. 

The above remarks will be more clearly under- 
stood by referring to Ilgure 13 which is a timing 
diagram for a six-cylinder engine, each cylinder 
2 ft of which has the inlet and exhaust events estab- 
lished as Indicated In Figures 1 to 5. In this 
figure It is assumed that the firing order is 
1 — 5 — 3 — 6 — 2 — 4 by way of example. The figure 
shows simply the 60° intervals between the ex- 
30 haust openings and the order in which such open- 
ings occur. 

It will be seen from this figure and by referring 
to Figures 1 to 5 that the exhaust from one cyl- 
inder always occurs in the middle of the admis- 
35 ston period of the preceding cylinder and may 
have a repercussion on this admission. 

By making a manifold for each group of three 
cylinders 1, 2, 3 and 4, 5, 6 , and extending these 
manifolds a sufficient distance before connecting 
40 them together as indicated in Figures 14 and IP, 
It will be easy to ensure that the above objection 
will be avoided. 

But by referring to Figures 1 to 5 it will also be 
seen that at all speeds above 800 R. P. the 
45 return of the burnt gases following the exhaust 
from one cylinder, occurs after the opening of 
the exhaust of the succeeding cylinder. 

If the two manifolds are extended to form sep- 
arate exhaust pipes or if the Junction between 
them is more remote from the cylinder than the 
point from which the return takes place, then no 
advantage can be obtained from the fact that the 
exhaust from a cylinder in one manifold occurs 
before the return towards the preceding cylinder 
S5 in the other manifold. 

On the other hand, if the manifolds are con- 
nected to a common exhaust pipe as shown in 
Figure 15 and the junction between these mani- 
folds is situated nearer the cylinders than the 
Co P° int In the piping from which the nearest re- 
turn of the burnt gases occurs then the exhaust 
gases from one cylinder, say cylinder I, will pass 
this junction and will not have commenced to 
return at the moment when the exhaust of the 
£5 next cylinder, say cylinder 5, commences so that 
the exhaust from the latter cylinder will enter 
piping which is under depression as stated above. 

These exhaust gases from the cylinder 5 will 
pass the junction and will oppose the returning 
70 exhaust gases from cylinder I. so that when the 
next cylinder, say cylinder 3. opens the exhaust 
gases from the latter will also enter a depression 
in the piping and so on. 

At high speeds the effect of this interaction be- 
7 ft tween the exhaust gases may be such as to an- 


nul the effect of the return cf the exhaust gases 
completely. 

Moreover, and as explained in connection with 
the exhaust pipe of a single cylinder engine, the 
length of exhaust pipe following the junction be- ft 
tween the manifolds should be sufficient to en- 
sure that the return of the burnt gases occurs 
from a point situated within this pipe, whereby 
the return of the burnt gases will be delayed as 
much as possible and if a silencer or expansion 10 
chamber is fitted it will be fitted on this pipe, not 
nearer the cylinder than the point from which 
the furthest return occurs for a maximum in- 
tensity of explosion. 

In practice the cylinders of a six or eight cylin- jft 
der engine may be divided into two groups, the 
cylinders of each group exhausting into a com- 
mon manifold. These two manifolds may ex- 
tend over a distance approximately equal to the 
length of the engine itself and thereafter con- 20 
nected together so as to lead into a single ex- 
haust pipe upon which is mounted a silencer de- 
vice common to all the cylinders. 

A suitable construction and arrangement of 
the exhaust piping of a six cylinder engine hav- 25 
ing the above timing and constructed in accord- 
ance with the above modifications is illustrated 
in Figures 14 and 15. 

Cylin tiers 1 , 2 and 3 are connected to one mani- 
fold $ and cylinders 4, 4 and 6 to the second mani- $0 
fold I and these manifolds are connected at 8 to 
a simple exhaust pipe 3 upon which is mounted 
a silencer 10 . 

It will be seen that the main walls of all the 
passages are so formed that they tend to guide 35 
and direct the exhaust gases towards the ex- 
terior and so that they do not obstruct or restrict 
the outward passage of the gases. 

It will also be understood that in this exam- 
ple, if the Junction 8 is sufficiently remote from M 
the cylinders to protect the charging of cylinder 40 
1 from a repercussion of the exhaust from cylin- 
dar 6 , this will ensure that all the other cylinders 
are sufficiently protected in the same manner. 

It will also be understood that the junction 8 ** 
must be nearer the cylinders than the point from 
which the return of the burnt gases occurs, and 
that the silencer 10 must be more remote from 
the cylinders than this point. 

Having now described my invention, what I w 
claim as new and desire to secure by Letters Pat- 
ent is: 

1. Method of controlling variable speed two 
stroke cycle internal combustion engines, which 
comprises establishing communication between 55 
the cylinder and exhaust system during the fir- 
ing stroke, providing at all engine speeds over a 
chosen speed range, for the issuance of the burnt 
gases from the cylinder substantially as a mass 
in an interval of time shorter than that which 00 
would be required for the burnt gases to expand 
down to the ambient pressure by adiabatic flow, 
whereby the mass of gas moves outward and 
thereafter returns from a point which may be 
within the exhaust system, providing a perma- Oft 
nent free passage for the burnt gases to the limit 
of outward travel of said burnt gases, preventing 
at the highest engine speed the entrance of fresh 
charging air until the said Issuance of the burnt 
gases is in full progress, admitting fresh charging 10 
air into the cylinder, at the highest engine speed, 
when the said issuance of the burnt gases is in 
full progress and causes a suction effect be 
exerted in the cylinder, thereby ensuring that at 
al. lower engine speeds the said admission will not 7 ft 
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commence until the said Issuance of the burnt 
gases has occurred, and providing at all engine 
speeds for the said fresh charge to occupy the 
cylinder and a portion of the exhaust system in 
5 the interval elapsing between the said exit of the 
said gases and the Instant when the pressure of 
the returning gases becomes effective within the 
cylinder. 

2. Method of controlling variable speed multi- 
10 cylinder two stroke cycle internal combustion 
engines, which comprises establishing communi- 
cation between each cylinder and its exhaust 
system during the firing stroke in said cylinder, 
providing at all engine speeds over a chosen 
15 speed range for the issuance of the burnt gases 
from each of said cylinders substantially as a 
mass in an interval of time shorter than that 
which would be required for the burnt gases to 
expand down to the ambient pressure by adi- 
20 abatic flow, whereby the mass of gas moves out- 
ward and thereafter returns from a point which 
may be within the exhaust system, providing a 
permanent free passage for the burnt gases issu- 
ing from each cylinder to the limit of outward 
25 travel of said gases, providing a communication 
between a plurality of the said free passages, and 
providing for the said burnt gases issuing from 
one cylinder to encounter In its free passage a 
depression caused in this passage by the issuance 
20 of burnt gases from another cylinder, preventing 
at the highest engine speed the entrance of fresh 
charging air into each cylinder until the said 
issuance of the burnt gases is in full progress, 
admitting fresh charging air into each cylinder at 
35 the highest engine speed when the said issuance 
of the burnt gases is in full progress and causes 
a suction effect to be exerted in the cylinder, 
thereby ensuring that at all lower engine speeds 
the said admission will not commence until the 
40 said issuance of the burnt gases has occurred, 
and providing at all engine speeds for the said 
fresh charge to occupy the cylinders and a por- 


9 

tion of the exhaust systems of said cylinders in 
the interval elapsing between said exit of the 
burnt gases and the instant when the pressure 
of the returning gases becomes effective within 
the cylinders. 5 

3. A variable speed multi-cylinder two stroke 
cycle internal combustion engine having exhaust 
and inlet orifices on the cylinders and an exhaust 
conduit on the said orifice of each cylinder, the 
said exhaust conduits being connected together io 
in groups to a common manifold, means for so 
controlling the exhaust orifices of the several 
cylinders as to ensure the issuance of the burnt 
gases substantial!/ as a mass at all engine speeds 
above a chosen maximum speed, whereby the said J 5 
mass moves outward and thereafter returns to- 
ward the cylinder, means for so controlling the 
several inlet orifices as to ensure, at the highest 
engine speed, that the said inlet orifices will be 
opened while the corresponding exhaust orifice is 20 
still open and when the said issuance of the burnt 
gases is in full progress and produces a suction 
effect in the cylinder, the said conduits and mani- 
folds providing a permanent free passage for the 
burnt gases from the several cylinders to the limit 25 
of outward travel of said gases, the several con- 
duits being connected together in a group having 
a sufficient length and being so formed internally 
at their connection to the manifold as to pro- 
vide a passage which guides the burnt gases away 30 
from any other cylinder of the group which is 
open at the same time, and to protect the said 
other cylinder from an objectionable action by 
said issuing gases. 

4. An engine as claimed in claim 3, a plurality 35 
of manifolds being connected together to deliver 
into a single exhaust pipe, the said connection 
being established at a point situated nearer the 
several cylinders than the shortest limit of out- 
ward travel of the burnt gases from any of said 40 
cylinders. 
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This invention relates to a method of con- 
structing two-stroke cycle internal combustion 
engines of the kind wherein at leest a substantial 
portion of the burnt gases leaves the cylinder at 
8 a speed much higher than that obtaining when 
an adiabatic flow only is involved, and in such 
a short Interval cf time that it is discharged as a 
mass leaving a depression behind it which is 
utilized in introducing a fresh charge into the 
18 cylinder by opening the inlet orifice with the re- 
quired delay after the opening of the exhaust ori- 
fice to ensure that the burnt gases are then mov- 
ing outwardly through the exhaust orifice or duct 
and that a suction effect is exerted at the inlet 
16 orifice as a consequence of the exit of the said 
mass. 

In application Serial No. 84,182 filed June 8, 
1936, the characteristics that should be possessed 
by the exhaust and inlet orifices of such engines 
90 in order to obtain a maximum output at varying 
speeds have been specified. It is indicated in the 
said specification that the exhaust and inlet ori- 
fices must be made as large as possible within 
mechanical limits and that the full area of the 
said orifices must be opened as rapidly as possible 
and that the inlet orifice should open as close as 
possible to the moment of exit of the burnt gases 
to provide a permissible opening of inlet over a 
speed range of the engine, whereby the maximum 
20 charge may be introduced into the cylinder in the 
time available; and it is also indicated in the said 
specification that provision should be made to en- 
sure that the charge will be retained in the cylin- 
der and will not be forced out or sucked out by 
85 movements of the exhaust gases. 

In one embodiment of the invention, the inlet 
U arranged to open at a constant crank angle 
after the commencement of exhaust opening, this 
crank angle being so chosen that at the varying 
40 engine speeds, inlet will always open at a suitable 
moment for the introduction of the charge and as 
close as possible to the moment or exit of the 
burnt gases, the exhaust system being such that 
the outward movement of the burnt gases will 
45 continue for a sufficient length of time to permit 
the said timing to be established, and means being 
provided in the exhaust system which cause the 
duration of time of exhaust to be reduced progres- 
sively as the speed of the engine increases, where- 
60 by the increase in the angle occupied by the ex- 
haust at increasing engine speeds can be reduced 
to a minimum. 

In a further embodiment of the Invention the 
exhaust Is arranged to close after a constant crank 
66 angle from the commencement of exhaust or from 
a suitably chosen point on the rotation of the 
crank shaft, this angle being so established that 
exhaust will always dose, at the varying engine 
speeds, when the inlet has opened and the in- 
60 coming charge la pawing through the cylinder. 


after the exit of the burnt gases from the cylin- 
der has been completed and before any return 
impact occurs, a suitable exhaust system being 
provided which ensures that the outward move- 
ment of the burnt gases will continue for a 6 
sufficient length of time to permit the said t im ing 
to be established. 

As Id the case of inlet opening at a constant 
crank angle, this closure of exhaust at a con- 
st int crank angle will also be an arbitrary choice. 10 
In a still further embodiment cf the invention, 
in order to enable the time of passage of the in- 
coming charge through the cylinder to be con- 
stant in its dtiration at the varying engine speeds, 
the exhaust is arranged to close at a constant 15 
time interval after the commencement of exhaust 
opening, whereby the exhaust will always close at 
the varying engine speeds at the same moment 
in time absolute relative to the return of the 
burnt gases, a suitable exhaust system being pro- 20 
vided to ensure that the outward movement of 
the burnt gases will continue for a sufficient 
length of time to permit the said timing to be 
established. 

The Invention will now be described in greater 25 
detail with reference to the accompanying draw- 
ings. 

In the drawings; 

Figures 1 to 5 are curves of pressures taken on 
the exhaust duct of an internal combustion en- 30 
gine at varying engine speeds. 

Figure 6 shows three curves of variations of 
pressure in the exhaust duct for the same engine 
speed but with different lengths of exhaust pipe. 

Figures 7, 8 and 9 show three curves of pres- 35 
sures taken on the inlet duct of an engine, and 

Figure 10 is an exhaust and inlet port area 
diagram. 

Figures 11 to 14 are curves of pressures taken 
on an engine at the same speed but with the use 40 
of a source of compressed air for charging tne 
engine. 

Figures 15 and 16 are diagrammatic representa- 
tions of exhaust port openings serving to illus- 
trate the Invention. 45 

Figure 17 shows, by way of example, a two- 
stroke cycle Internal combustion engine to which 
the present invention has been applied. 

In all of Figures 1 to 14, EO, EC, and AO, AC 
represent exhaust opening and closing and inlet 60 
opening and closing respectively, and BDC indi- 
cates bottom dead centre. 

The curves shown in Figures 1 to 9 and u 
to 14 were obtained by means of the pressure 
Indicating device described in application Serial 55 
No. 82,958 filed June 1, 1936. and the curves 
shown in Figures 1 to 5 and 11 to 14 are double 
pressure records taken with an indicator device 
comprising a double Pitot tube in operative com- 
munlcation with a manometer, the pressure read- 6 ° 
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2 

tags being taken in synchronization with the 
engine cycle and being adjustable relative to 
the cycle, thereby enabling direction of move- 
ment and the velocity of the gases to be observed 
6 or determined. 

It will be noted that each of Figures 1 to 5 
and 11 to 14 comprises two curves, one In full 
lines and one in chain dotted lines. Where the 
full line curve is above the dotted line curve. 

10 It is to be understood that the movement is in 
the direction leading away from the cylinder. 
The pressure difference between the ordinates 
of the two curves at any particular crank angle 
Is also a measure of the velocity with which the 
15 gases are moving at this moment. 

From a consideration of tne double pressures 
shown in any of Figures 1 to 5, it will be seen 
that after the commencement of exhaust open- 
ing, a delay occurs during which substantially 
20 no pressure difference exists and during which 
the direction of movement of the gases may 
be towards or away from the cylinder. 

Thereafter the pressure difference increases 
rapidly to a maximum value which remains sub- 
25 stantially constant for a time period which is 
substantially the duration of passage of the col- 
umn of exhaust gases past the indicating device. 

The movement then continues in an outward 
direction and the cylinder and exhaust piping 
SO remain under a depression while the entering 
admission current is passing through. 

The curves also indicate In a very clear man- 
ner the moment when the movement of the ex- 
haust gases and the admission gases which fol- 
15 low them is suddenly reversed in direction. 

The delay that occurs between the commence- 
ment of opening of the exhaust and the moment 
when the column of burnt gases engages In the 
exhaust duct may be explained as follows: 

40 When the exhaust orifices commence to open 
the total area opened is too small for the gas- 
eous body formed by the exhaust gases to engage 
therein. 

After a certain lapse of time this area be- 
45 comes sufficient for the column to engage there- 
in with its ballistic velocity and this is the true 
moment of commencement of the mass exit of 
the burnt gases from the cylinder. The delay 
in the commencement of the mass exit of the 
^ burnt gases is further due to the inertia of the 
gases which are moving in the cylinder at the 
moment of exit and this Inertia must be under- 
stood as a change of direction of movement of 
the gases and not a change from a state of rest 
55 to a velocity. 

The curves show that when the burnt gases 
engage in the exhaust duct the rise in pressure 
to a peak and the consequent fall are extremely 
abrupt. 

50 The speed of exhaust, that Is of the mass exit 
of the burnt gases is determined by the energy 
of the gases at the moment of exhaust. The 
curves show that this speed Is very high and 
everything occurs as if the gases already had 
55 an initial velocity In the cylinder. 

The duration of exhaust, that is to say, the 
duration of the passage of the mass of burnt 
gases through the exhaust orifice depends on 
further factors. If the speed of the burnt gases 
70 Is co nsi dered to be constant for the moment, 
since this initial speed varies according to the 
intensity of the explosion per unit mass. 

The first factor is the rate of opening of the 
orifice through which the exhaust Is effected. 
75 It is advantageous for this rate to be as great 


as possible Jnce in this way the length of the 
column formed by the issuing mass of burnt 
gases will be shorter and the duration of its 
passage through the exhaust orifice will be re- 
duced. 5 

Secondly, the medium which the mass of burnt 
gases encounter on their path from the cylinder 
exerts a resistance on account of its inertia. The 
smaller the volume of this medium, within lim- 
its, the smaller will be the negative accelera- 10 
tion oi the mass of burnt gases. In other words 
they will retain their velocity longer when this 
resistance is small. 

Further, the mass of b*umt gases possesses 
viscosity and if the exhaust orifice has the shape 15 
of a slit, this will produce too great a deforma- 
tion of the gases which will lag In penetrating 
the exhaust duct and in becoming transformed 
into a column. 

Similarly, If the exhaust duct beyond the ex- 20 
h&ust orifice has too small a cross section rela- 
tive to the area of exhaust orifice open at the 
moment of exit of the burnt gases, this will 
exert a further compression and braking action 
on the burnt gases. 25 

On the other hand, if the exhaust duct fol- 
lowing the exhaust orifice is too large relative 
to the area of this orifice, the head of the col- 
umn Is crushed or flattened and the impact 
surface of the column increases In size, thereby 35 
reducing the path travelled before the rebound 
occurs. 

The curves shown In Figures 1 to 5 were all 
taken on the same engine with the same ex- 
haust system. These curves enable us to see 35 
the absolute duration of time during which the 
exhaust occurs, the duration in absolute time 
for which the depression, or the current of en- 
tering air, lasts in the cylinder or exhaust pip- 
ing and the moment of reversal of the direction 45 
of movement of the gases, all these times being 
measured from the exact moment at which the 
exhaust orifice is opened. 

From these curves It can be seen that for 
a definite arrangement of the exhaust system 45 
the complete exit of the burnt gases from the 
cylinder occupies a substantially constant lapse 
of time from the moment when the exhaust 
orifice commences to open, but that this lapse 
of time tends to decrease with increasing speeds ^ 
due to factors related to the rate of opening of 
these orifices or the modification In the resist- 
ance afforded by the gaseous medium present 
on the path of the mass of burnt gases. 

The curves also show that the moment of re- 55 
versal in direction of movement of the gases Is 
separated from the commencement of exhaust 
or in practice from the commencement of open- 
ing of the exhaust orifices, by a substantially 
constant duration of time. 50 

The duration of the vacuum or of the ad- 
mission current is also substantially constant In 
time. This can also be seen from Figures 7, 8 
and 9. 

All this is independent of the speed of rota- 55 
tion of the engine, other things being equal, and 
the inventor has also found that variation in 
intensity of the explosion in the engine varies 
these times only in an insignificant manner. 

In establishing an engine In accordance with 70 
the invention the above phases must be taken 
Into consideration in order to ensure that the 
engine may be supplied with its charge during 
the angular sector which has been chosen for 
evacuating and charging the engine and outside 75 



161 


0 , 191,060 3 


which the cylinder Is closed completely for the 
compression and working strokes of the piston. 

The filling of the cylinder Is dependent upon 
the area of the charging orifices, the time of 
6 opening of these orifices and the differences in 
pressure which exist In the inlet duets and the 
cylinder itself and also in the exhaust ducts 
which communicate directly with the cylinder 
when charging takes place. 

10 It is useful to note that it Is not only the 
static pressures that are important and that 
the velocity acquired by the entering charge also 
enters into consideration. During the admis- 
sion period, the column of entering charge fol- 
15 lows the column of exhaust gases which is mov- 
ing In the direction of exhaust and which may 
itself be under a very high static pressure and 
irrespective of the static pressure within the 
exhaust column, the volume of the void left 
20 behind this column in the cylinder and In the 
exhaust ducts may increase at a higher rate 
than it can be filled by the entering charge. 
The greater the volume of the void left by the 
issuing gases and the more delayed the return 
25 of these gases, the higher will be the velocity 
acquired by the entering charge. 

In all the curves shown in Figures 1 to 5, the 
fall in pressure consequent upon the mass exit 
from the cylinder is partially arrested by the 
30 entering current of admission gases consequent 
upon the opening of inlet and the influence of 
the return impact of the burnt gases is reduced 
by the provision in the exhaust duct of the means 
described in application Serial No. 46,805, filed 
35 October 25, 1935, which cause the return of the 
burnt gases to be by-passed into a chamber other 
than the engine cylinder. 

But it can be shown that the return of the 
gases in general occurs at a very high speed and 
40 that it is clearly defined by a dense frontal zone 
which confirms that its nature is that of a body 
that rebounds from, the obstacle it has en- 
countered. 

It can aiso be shown that If no inlet is opened 
45 after the mass exit of the burnt gases occurs, 
a volume of vacuum Is left in the cylinder and 
in the exhaust ducts and the exhaust gases a/ter 
their rebound encounter no obstacle upon their 
return path towards the cylinder. 

50 Consequently the return is much more vigor- 
ous, it enters the cylinder at a much greater 
speed, and the duration of the vacuum in the 
cylinder is reduced. 

In order to obtain a maximum utilization of 
gg the vacuum left by the mass exit of the burnt 
gases it is therefore necessary for the admission 
to open immediately after the depression is 
formed adjacent the inlet and with the greatest 
rate area of opening per unit movement of the 
00 piston, as explained In application Serial No. 
84.182 filed June 6 , 1936. 

If the admission orifices are opened at an op- 
portune moment and immediately when the ex- 
haust gases have left the point in the cylinder 
at which these orifices are situated and if the 
area and time of opening are appropriate a 
column of admission gases will enter the cyl- 
inder and follow the exhaust gases into the ex- 
haust duct. 

/) The more massive tills admission becomes, the 
more effective will be its action in destroying or 
reducing the intensity of the return impact thus 
rendering it more easy to establish a closure of 
exhaust before the return of the burnt gases. 

70 If the opening of the inlet orifices is delayed 


the return Impact win return more quickly and 
with greater violence; the absolute time avail- 
able for admission will be reduced and the dis- 
turbances produced by the return impact will 
be greater and more violent § 

It should here be noted that this reasoning 
is strict from the theoretical point of view. In 
practice a fairly large tolerance is admissible 
from the constructional point of view for a per- 
fect operation of the engine, but the above di- 10 
rections must be taken into consideration in de- 
signing the engine so that this direction will be 
approached as closely as possible. 

The time interval occupied by the exhaust, 
that is, the time required for the evacuation of 15 
the cylinder varies in an engine according to 
the arrangement of the exhaust system. 

It also varies according to the resistance of 
the medium in these exhaust systems. These 
factors have a very great influence on the op- 20 
eratlon of the engine. A great variation in speed 
of rotation of the engine also influences the 
area time factor so that the duration of ex- 
haust varies. But In any case the duration of 
time of exhaust in an engine for a given ex- 35 
haust system remains practically constant. 

The inventor has found that by modifying the 
exhaust system the time of duration of exhaust 
can be varied. For example this result may 
be obtained by an adaptation of the area of 30 
the exhaust orifices and of the time during which 
they open progressively. This may be described 
by the expression area time factor. Another 
factor is the variation of rate of opening of the 
exhaust orifice. 35 

The useful area time factor must be considered 
to be that which has served effectively from the 
commencement of the mass exit of the burnt 
gases until the evacuation of the cylinder, which 
period of evacuation is relative to the energy of 
this exhaust and the result must be ensured that 
at each engine speed the useful area time factor 
is that required for the purpose specified. 

The duration of the vacuum in the cylinder 
and the exhaust piping is determined by the ^ 
moment at which the return Impact occurs at 
the chosen point in either component, for example 
at a point along the exhaust piping, or in the 
cylinder or at a point in the cylinder. 

The inventor has established that the absolute 
time that separates the exhaust and the return 
impact may be very small, or may be more or less 
great according as the phenomenon of exhaust 
and of the return impact follow each other im- 
mediately and consecutively or are separated by ^ 
an appreciable lapse of time. 

Similarly, the inventor has found that the re- 
turn impact may be destroyed in the exhaust 
piping (application Serial No. 38,826, filed August 
31, 1935, application Serial No. 82.959 filed June gg 
1, 1936) ; it may be reflected (application Serial 
No. 738,016, filed August 1, 1934) and may not 
penetrate Into the cylinder proper, it may be 
opposed by an Injection of air or gas into the 
exhaust system (application Serial No. 46,804, 35 
filed October 25, 1935) and so on. The inventor 
has established and confirmed by the said curves 
that the return of the exhaust gases for one and 
the same exhaust system occurs in the same 
absolute time. This time or rather the length 70 
of this time is expressed by the number of de- 
grees proportional to the speed of rotation. 

If the resistance offered by the gaseous medium 
contained in the exhaust piping is reduced, the 
speed of exhaust over its duration of time will be 75 
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greater and the time occupied for the complete 
evacuation of the cylinder will be smaller. In 
this case as is logical, the return will take longer 
to occur for the reason that the gaseous body 
5 will be projected for a longer distance, the posi- 
tion from which the return occurs will be further 
away, the Initial speed of the gases being the 
same and the paths travelled being longer. 

Further, by a suitable arrangement of the ex- 
10 haust system, the reversal In direction of motion 
of the burnt gases can within limits be made to 
occur from a point more or less distant from the 
cylinder as desired. 

For example Figure 6 shows the Influence of 
15 altering the length of the exhaust pipe. This 
figure shows three curves taken on the same 
engine at the same speed and with three different 
lengths of exhaust pipe the length of the ex- 
haust pipes being 2 feet 6 Inches (chain dotted 
20 curve), 4 feet 5 Inches (full line curve) and 5 
feet 8 inches (dotted curve). It will be seen that 
as the length of the exhaust pipe increases the 
absolute duration of time of the vacuum or of 
the admission current Is lengthened until a re- 
25 tardation which is a maximum for the exhaust 
pipe under consideration is reached, as is also 
explained in application Serial No. 84,182, filed 
June 8 , 1936. 

The series of curves taken at different speeds 
80 for the same arrangement of the exhaust system 
(Figures 1 to 5). the variation of these curves 
according to different arrangements of the ex- 
haust system (Figure 6) and the variations in 
these curves as a consequence of the provision 
85 of specific arrangements (for example those de- 
scribed in applications Serial Nos. 38,826, 46,804, 
46,805, 120,118, filed August 31, 1935; October 
25, 1935; October 25, 1935 and January 11, 1937 
respectively) introduced into these exhaust sys- 
40 terns confirm the above statements. 

A similar confirmation is obtained in the oper- 
ation and output of the engine. 

In establishing a fixed timing of inlet opening 
which will remain suitable over a chosen speed 
45 range of the engine and which is as close as pos- 
sible to the moment at which the burnt gases 
leave the inlet orifice during their mass exit from 
the cylinder, the possibility of varying the above 
factors in order to obtain a desired result should 
00 be borne in mind. 

For example by suitably varying the said fac- 
tors it is easy to arrange so that the tendency of 
the time interval occupied by the total exit of the 
burnt gases to decrease with increasing engine 
50 speeds to be corrected so that this time Interval 
is maintained more strictly constant. This may 
be effected by arranging or controlling the ex- 
haust orifice in such a way that the area of ex- 
haust orifice opened per unit movement of the 
00 piston or crankshaft decreases progressively as 
Illustrated in Figure 15, and also by arranging 
the exhaust piping in such a way that the resist- 
ance to the mass exit of the burnt gases increases 
as the speed increi-ses. For example the exit for 
50 the expanded gases from the silencer may be 
suitably restricted so that as the speed increases 
an increased resistance Is created In the exhaust 
system. 

Or the total exit of the burnt gases may be 
70 caused to be completed within a substa nt ia l ly 
constant crank angle, so that the inlet may be 
opened at the same position of the crank shaft 
for all working speeds of the engine. 

For example the exhaust orifice may be so 
70 arranged or controlled that the area of exhaust 


orifice opened per unit movement of the piston 
or crankshaft Increases progressively as illus- 
trated In Figure 16, whereby the time period 
elapsing before the total exit of the burnt gases 
occurs may be reduced progressively as the engine 5 
speed increases. 

A two-stroke cycle internal combustion engine 
embodying an exhaust orifice of this nature is 
illustrated in Figure 17, and comprises a cylinder 
I in which moves a piston 2 controlling an ex- 10 
haust orifice 2 situated at the base of the cylinder 
and communicating with an exhaust duct 4 . At 
the head of the cylinder is an injector 5 for the 
introduction of combustible fuel, and an inlet 
orifice 6 communicating with an inlet duct 1 , 15 
and controlled by a poppet valve 8 by a push rod 
I and rocker arm 10 from the engine shaft II. 

A suitable arrangement of the exhaust piping 
will also assist in obtaining this reduction as the 
speed increases, for example by the provision in 20 
the exhaust pipe of the means described in appli- 
cation Serial No. 82,959 filed June 1, 1936, or, in 
a multicyiinder engine, by a suitable arrangement 
of the exhaust manifolds as described in applica- 
tion Serial No. 84,182 filed June 8 , 1936. 25 

In the practical establishment of an engine it 
is more advantageous to arrange that the ex- 
haust occurs over a constant crank angle than 
to arrange that exhaust occurs over a constant 
time interval since In the first case the admission 30 
orifices may be opened by the piston or by valve 
means controlled in fixed angular relation with 
the engine crank shaft, while in the second case 
the admission orifices must be opened by a dis- 
tribution system employing a movement which 55 
is independent of the rotation of the engine, and 
extends over a constant lapse of time, but the 
commencement of the lapse of time will always 
start from the same point on the crank circle. 

For example this may be done by means of a 40 
slide valve with a stressed spring. The release 
of this spring will be produced always for the 
same position of the piston for example. Conse- 
quently the initiation of the opening will be in 
direct relation with the position of the crank, but ^ 
the opening itself will be produced in a constant 
lapse of time absolute which is independent of 
the speed of rotation of the engine. Instead of 
springs this may be effected by electro-magnets, 
by a hydraulic control or by a control utilizing gas ^ 
under pressure, which is not important from the 
point of view of principle, but it is merely a con- 
structional detail. The principle is that this 
opening is effected after a constant lapse cf time 
after the commencement of opening of the ex- w 
haust as specified above. 

Ihe more the opening of the admission orifices 
is accelerated, the more advantageous it is for 
introducing the largest possible mass of fresh 
gases, and consequently for filling the void left 00 
by the exhaust gases and for opposing to the 
greatest possible extent the return of the burnt 
gases by the inertia of the entering charge, while 
a further advantage will be the retardation of 
the return impact due to the fact that the force 05 
exerted on the gaseous medium in the exhaust 
pipe by the burnt gases will be Increased by the 
force exerted in the same direction by the en- 
tering charge. 

From the double curves shown In Figures 1 70 
to 5 it can be seen that after the end of the ex- 
haust, the admission gases follow behind the 
exhaust gases and consequently they have passed 
through the cylinder, have occupied its entire 
volume, have swept through it and entered the 75 
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exhaust duct and continue to do so until the 
reversal in direction occurs which Is produced 
by the return impact which sometimes arrives 
towards the end of the admission and sometimes 
6 even after the closure of Inlet. 

During these phases the cylinder although occu- 
pied with fresh air charge Is under depression 
and it is advantageous to re-establish the pres- 
sure to the level of the atmosphere or to that 
10 which exists at the admission orifices outside 
the cylinder. 

The volume left void in the cylinder and in 
the exhaust duct is very great, and it is not 
possible for the entering charge to fill the whole 
IS of this void completely and without delay on 
account of the fact that the velocity of outward 
movement of the mass of burnt gases is much 
higher than that of the entering charge, which 
enters the cylinder by expansion. This fact Is 
20 illustrated by the exhaust pressure curves In 
Figures 11 to 14. These curves were aU taken 
at the same engine speed, but with an admission 
pressure which is greater than atmospheric pres- 
sure by 100, 200, 300 and 400 gms. per cm*. In 
25 Figures 11. 12, 13 and 14 respectively. 

It will be seen from these curves that the well 
defined drop In pressure which is formed in the 
exhaust duct in the middle of the admission 
period still exists when the charge enters at a 
80 pressure of 400 gms. above atmospheric pressure. 
In general this dip in the curves appears for 
many causes, which have the same result, which 
is an insufficiency of entering air from the ad- 
mission to fill the void left by the exhaust gases 
85 in the cylinder and in the ducts traversed by the 
exhaust gases and left void. In certain cases this 
unfilled void may act in an objectionable manner 
upon the final charge in the cylinder by leaving It 
depressed below the pressure existing In the at- 
40 mosphere external to the cylinder around the 
admission ports. 

In practice, it is frequently difficult or Incom- 
patible for other reasons to make the admission 
orifices sufficiently large to permit the void to 
be filled. Further, the exhaust orifices may be 
too small to permit a sufficient charge to pass 
through the cylinder into the exhaust duct to 
fill the void or the exhaust orifices may be too 
large relative to the admission orifices so that 
50 the charge is absorbed by escapement through 
u the exhaust orifices more rapidly than it can be 
admitted through the admission orifices. 

We have seen that the absolute time of dura- 
tion of the admission both as regards the fresh 
65 charge chat has penetrated through the inlet 
ports and from the point of view of the return 
which limits the existence of the void is a factor 
which is not tied directly to the angular speed 
of rotation of the engine. These are times which 
eo have a constant duration in their absolute value 
with small variations due to other causes enu- 
merated. 

In order to permit a full utilization to be made 
of the void left in the cylinder and in the ex- 
65 haust pipe by the mass exit of the burnt gases 
and to obtain the advantage of cooling the cyl- 
inder by the air that passes through the latter 
and enters the exhaust duct while avoiding any 
objectionable effect due to tne fact that the void 
70 left in the exhaust duct behind the burnt gases 
cannot be completely filled, it is more rational 
to close the exhaust at a suitably chosen moment 
for the design of the engine. For example, the 
condition may be imposed that exhaust will be 
75 left open during the period of exit of the burnt 


gases and during a half, quarter or three quar- 
ters of the period of admission. During this time 
the cylinder is traversed by a current which cools 
the piston and the Walla of the cylinder inter- 
nally. If the exhaust is then closed, the current 5 
is stopped and no further passage of the charge 
Into the exhaust duct can occur. 

Fbr example, the closure of exhaust may be 
produced after a constant lapse of time. The 
commencement of this time will be for example 10 
the opening of the exhaust orifices or any point 
upon the crank circle of the engine. In this case 
the time of passage of th.; current through the 
cylinder will always be constant in Its duration. 

Or a point may be chosen for the closure of 15 
exhaust upon the crank angle so that during the 
period between the opening and closure of ex- 
haust the admission is produced and the cur- 
rent passes through the cylinder, in such a way 
that the closure of exhaust will remain always 20 
in the period of admission, so that with the var- 
iation in engine speeds the return impact will 
never come before this point and the end of the 
evacuation of the cylinder will never occur after 
this point. 25 

This solution can be arrived at by all kinds of 
distributions such as the piston of the engine 
Itself, sleeves, sliding members, rotary valves, 
baffles and other mechanical arrangements con- 
trolled by the rotation of the engine. 80 

It is to be noted that these two solutions are 
easy to establish mechanically for the reasons 
that exhaust devices may be established which 
give sufficiently long durations of time between 
the end of the exhaust of the burnt gases from 55 
the cylinder and the return Impact which re- 
verses the current in the cylinder and the ducts. 

Such methods are described In one or the other 
of applications Serial Nos. 738,014, 733.015, 
738,016, 745,814, 38,826, 46,304, 46,805. filed Au- 40 
gust I, 1934; August 1, 1934; August 1, 1934; 
September 27, 1934; August 31, 1935; October 25, 
1935; October 25, 1935, respectively, and they 
concern the length of pipes, their shape, their 
volume, for example the shape of the tube which 45 
allows the gases to travel the furthest distance 
from the cylinder and gives the least violent re- 
turn impact will be that of a tube which will have 
a cross section slightly greater than the surface 
of the exhaust orifices which is truly active during 60 
the exhaust period itself and which will have a 
slight conlcity as the distance from the cylinder 
increases. The truly effective length is equal to 
the length of the path travelled by the column 
of exhaust gpses as far as the point from which 
they rebound ard this will be for the strongest 
charge in the cylinder in air and fuel, because 
this distance is proportional to the energy of the 
volume introduced, as explained in application M 
Serial No. 84,182, filed June 8. 1936. 

With the timing of exhaust closure as described 
above, it will be seen that over the chosen speed 
range of the engine, the exhaust will always dose 
after the entering charge has had time to occupy w 
the cylinder and enter the exhaust duct, before 
the return of the burnt gases can occur and be- 
fore a prolonged suction can exert any action in 
drawing the charge out of the cylinder into the 
exhaust duct. 70 

When the exhaust orifice is closed, however, 
the charge contained in the cylinder may be 
under a depression and it will therefore be ad- 
vantageous for the admission to close later than 
the exhaust so that the balance of pressure be- 75 



164 


9 , 181,050 


6 

tween the cylinder and the external source of 
the fresh charge may be re-established. 

It is to be observed that in the two cases indi- 
cated above and in which admission closes after 
• the exhaust, the admission and the charging of 
the cylinder will be produced in two phases. In 
the first phase, fresh gases under depression will 
pass into the cylinder and into the exhaust duct 
and in the second phase when the exhaust has 
10 been closed the balance between the pressure in 
the cylinder and the pressure of the source of 
supply will be re-established. 

The moment of opening of exhaust orifices and 
the moment of closure of the admission orifices 
If must be chosen in such a way that the active 
cylinder volume is as large as possible, that is to 
say the volume contained in the cylinder at the 
moment when the last port closes. 

The closure of exhaust before the closure of 
fO inlet established In the manner specified above is 
very advantageous in this connection. 

Figure 10 shows by way of example a suitable 
port area diagram and timing of the inlet and 
exhaust events for a cylinder of 1.5 litres capac- 
10 Ity, based on the foregoing remarks. 

In this figure the curve l relates to the opening 
of the exhaust orifice and the curve 2 to the 
opening of the Inlet orifice. The ordinates of the 
curves represent port areas and the abscissae rep- 
|0 resent crank angles. 

In this figure the shaded portion e of the ex- 
haust curve represents the period during which 
the mass exit of the burnt gases will occur over 
a wide range of engine speeds to ensure that 
10 inlet will always open as close as possible to the 
moment of mass exit of the burnt gases. 

The overlapping portions of the two curves rep- 
resent the period during which both the exhaust 
orifice and the inlet orifice are open and during 
H which the charge will enter due to the difference 
in pressure between the source of supply and the 
Interior of the cylinder and exhaust system, and 
It will be understood that the velocity acquired 
by the incoming charge will assist the charging 
g and that this velocity will be highest when the 
void left by the burnt gases is greatest and the 
delay before the return of the burnt gases occurs 
Is a maximum. 

The portion a of the inlet curve represents the 
0 period during which the exhaust orifice is closed 
and the Inlet orifice remains open for completing 
the charging and it will be understood that dur- 
ing this period the pressure in the cylinder will 
be restored to the pressure of the source of sup- 

0 ply and that the velocity acquired by the enter- 
ing charge will also assist the charging during 
this period a. 

For this reason it is again advantageous that 
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1 be a maximum. 

I claim: 

1. Method of controlling two stroke cycle in- 
ternal combustion engines, which comprises es- 
tablishing communication between the cylinder 
0 and exhaust system during the firing stroke, pro- 
viding for the issuance of the burnt gases from 
the> cylinder substantially as a mass in an in- 
terval of time shorter than that which would 
be required for the burnt gases to expand down 
^ to the ambient pressure by adiabatic flow, where- 
by the mass of gases moves outward and there- 
after returns from & point which may be within 
the exhaust system, providing a permanent free 
passage for the burnt gases to the limit of out- 


ward travel of said burnt gases, providing for 
the said Issuance of the burnt gases to occupy 
a substantially constant crank angle over a 
chosen range of engine speeds, preventing the 
entrance of fresh charging air until the said 5 
Issuance of the burnt gases is in full progress, 
admitting fresh charging air into the cylinder 
when the said Issuance of the burnt gases is in 
full progress and causes a suction effect to be 
exerted in the cylinder, while i,he exhaust port 10 
is still open, and providing for the said fresh 
charge to occupy the cylinder and & portion of 
the exhaust system In the interval elapsing be- 
tween the saiid exit of the burnt gases and the 
Instant when the pressure of the returning gases 15 
becomes effective within the cylinder. 

2. Method of controlling two-stroke cycle in- 
ternal combustion engines, which comprises es- 
tablishing communication between the cylinder 
and exhaust system during the firing stroke, 20 
providing for the issuance of the burnt gases 
from the cylinder substantially as a mass In an 
inter /al of time shorter than that which would 

be required for the burnt gases to expand down 
to the ambient pressure by adiabatic flow, where- 25 
by the mass of gases moves outward and there- 
after returns from a point which may be within 
the exhaust system, providing a permanent free 
passage for the burnt gases to the limit of out- 
ward travel of said burnt gases, providing for the SO 
said issuance of the burnt gases to occupy a pro- 
gressively and substantial decreasing interval of 
time with increasing engine speed over a chosen 
range of engine speeds, preventing the entrance 
of fresh charging air until the said issuance of 55 
the burnt gases is In full progress, admitting 
fresh charging air into the cylinder when the 
said issuance of the burnt gases Is In full prog- 
ress and causes a suction effect to be exerted in 
the cylinder, while the exnaust port is still open, 49 
and providing for the said fresh charge to oc- 
cupy the cylinder and a portion of the exhaust 
system In the interval elapsing between the said 
exit of the burnt gases and the Instant when 
the pressure of the returning gases becomes ef- 45 
fective within the cylinder. 

3. A two-stroke cycle internal combustion en- 
gine having a cylinder, a piston moving In the 
cylinder, exhaust and Inlet orifices in the cyl- 
inder, an exhaust conduit on the exhaust ori- 54 
flee, means for so controlling the exhaust orifice 
during the firing stroke as ;o ensure the issuance 

of the burnt gases as a mass, whereby the said 
mass moves outward and thereafter returns from 
a point which may be within the said conduit, 55 
means whereby tl>e area of exhaust orifice opened 
per degree of crank shaft movement increases 
progressively substantially throughout the ex- 
haust orifice opening period, means for so con- 
trolling the inlet orifice as to ensure that it will 60 
be opened while the exhaust orifice Is still open 
and when the said issuance of the burnt gases 
is in full progress and produces a suction effect 
in the cylinder, the said conduit providing a per- 
manent free passage for the burnt gases to the 45 
limit of outward movement of said gases and 
providing a passage for the gases during their 
outward motion as a mass having no cross sec- 
tion of substantially greater area than any cross 
section thereof further from the cylinder and 70 
no abrupt and substantial increase in volume for 
a length substantially equal to the limit of out- 
ward travel of the mass of burnt gases, 

55 if *h i^li XATlkWACV - 
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This invention relates to two-stroke cycle In- EO and EC Indicate the moments of exhaust 


ternal combustion engines of the kind wherein 
at least a substantial portion of the burnt gases 
leaves the cylinder at a speed much higher than 
5 that obtaining when an adiabatic flow only is 
involved, and in such a short interval of time that 
it is discharged as a mass leaving a depression 
behind it which is utilized in introducing a fresh 
charge into the cylinder by opening the inlet ori- 
10 flee with the recuired delay after the opening 
cf the exhaust orifice to ensure that the burnt 
gases are then moving outwardly through the 
exhaust orifice or duct and that a suction effect 
is exerted at the inlet orifice as a consequence of 
15 the exit of the said mass. 

In constructing or modifying a two-stroke 
cycle internal combustion engine of the kind set 
out above according to the present invention the 
relationship between the effective area of the ex- 
20 haust lead, i. e. the effective area of exhaust ori- 
fice opened before inlet opens, and the angle of 
the e <haust lead, i. e. the crank angle between 
exhaust and Inlet opening Is arranged to con- 
form with the following equation: — 


100 KAv 360 N 

where W is the cylinder volume in cm 3 , A the 
area of exhaust lead in cm 3 , t? a hypothetical 
30 mean velocity of mass exit of the burnt gases of 
the order of 450 metres per second (it should be 
undo stood that this is not an actual value), K 
a constant depending upon the form of the ex- 
haus. orifice and the area opened per unit move- 
35 ment of the piston or crank shaft (in other words 
allowance must be made for the gradual opening 
of the exhaust ports and for variation in the rate 
of opening of the ports in that the rate of open- 
ing of the ports varies wilt the method of actu- 
40 ation used), a is thj angle in degrees of exhaust 
lead, N the speed jf the engine in revolutions 
per second, and f Is a time interval such as to 
ensure that the mass exit of the burnt gases from 
the cylinder will be completed in the interval 
45 elapsing between exhaust aul inlet opening. 

In ,he accompanying drawings: — 

Figaro 1 is an example; of an engine to which 
the pressnt invention m&w t>e applied, and 
Figure 2 is an exhaust and inlet port area d a- 
60 gram for a cylinder of 1.5 litres capacity. 

In I'igure 2 the curve I relates to the opening 
of the exhaust orifice and the curve 1 the op* 
ing of the Inlet orifice. The ordinries of vhe 
curves represent port areas and f'he abscissae 
U crank angles. 


opening and closure respectively and AO and AC 
the moments of inlet opening and closure respec- 
tively. BDC indicates bottom dead centre. 

The above equation has been derived from the 5 
following considerations: 

Th? total time occupied for the mass exit of 
the burnt gases to occur will be Influenced by the 
area of the exhaust orifice available, see por- 
tion e of the exhaust curve, for example, since 10 
this area will determine the length of the column 
formed by the burnt gases in leaving the cylinder. 

This area of exhaust orifice is not opened In- 
st an taru ously but progressively, so tfiat the mean 
area available should be considered. 15 

If the abo T 'ementioned column is too long. In 
other words if the orifice Is too small, the time 
occupied by the mass exit of the burnt gases will 
be too great and this exit may not be completed 
in the time available before the inlet is or can be 20 
opened, or the expansion of the rear portion of 
the mass of burnt gases will become a dominant 
factor. 

These factors must be taken into consideration 
in constructing an engine having a suitable 25 
timing of inlet opening, or in providing a suit- 
able timing for an existing engine, whether this 
timing be obtained by altering the existing timing 
of the engine or by altering the area and/or rate 
of opening of the exhaust orifice, or by a combi- 30 
nation of these possible alterations. 

Over the chosen speed range it is necessary 
to ensure that the time elapsing before the inlet 
opens and the area of exhaust orifice available in 
this time will suffice to ensure that the mass exit 35 
of the burnt gases will be completed during this 
interval. 

The time element which will suffice for this 
purpose will enable the crank angle between in- 
let and exhaust opening and also the area of 40 
exhaust orifice effectively opened in this crank 
angle to be established, and if this time require- 
ment is satisfied for the highest engine speed, 
this will ensure that it will be satisfied at all 
lower engine speeds, i. e., over the whole or the 45 
chosen working speed range. 

II either the area of exhaust lead or the angle 
of exhaust lend is chosen or is fixed and the 
mean speed of mass exit can be assumed with 
practical approximation, then the other of these 50 
two factors can also be determined so as to en- 
sure that the desired object will be t trained. 

The inventor has found that calculations of 
sufficient accuracy to ensure practical results 
may be made by assuming that the cylinder vol- 55 
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time of burnt gases Is discharged, without ex- 
pansion, at a hypothetical mean speed. This 
hypothetical mean speed of discharge will vary 
according to the fuel employed, the mixture and 
5 the conditions of combustion, among other fac- 
tors. For fuel oil with good combustion a hypo- 
thetical mean speed of 450 metres/sec. may be 
taken although this hypothetical speed may be 
as low as 300 metres/sec. or as high as 600 me- 
10 tres/sec. 

The length of the column formed by the pas- 
sage of the mass of burnt gases through the ex- 
haust orifice will be 

w 

15 Ki4X100 metre * 

For practical purposes it may be taken that 

The time occupied by this mass exit will be 


20 


W 

100 KAv secs ‘ 


The time elapsing between exhaust opening and 
inlet opening will be 


25 360 X iV ,CCS * 

so that to satisfy the conditions of the invention, 
the following relationship should exist, 

a W 

30 360 N 100 KAv 

This will provide a lelationsiiip between A 
and a. 

For practical purposes the two time elements 
equated above must suffice to ensure that the 
J mass exit of the burnt gases occurs, but must 
not be too long. Further the angle a must be as 
short as possible in order to permit a suitable 
utilization of the crank angle available for charg- 
ing. 

40 For this time element the value .002 secs, for 
example may be taken as a basis for an engine of 
1 litre capacity, ano a speed of 1500 R. P. M.. 
this value ensuring that the increased time inter- 
val at lower engine speeds is satisfactory for the 
45 purpose of the invention. Factors of correction 
should be introduced into tills value for very 
large or very small cylinder volumes. 

By this it is to be understood that this time will 
suffice to ensure that a mass evacuation of the 
cylinder occurs, but that this time may be in- 
creased or reduced if it is convenient. If this 
time clement t is fixed, this will also fix the 
exhaust lead required at any engine speed and 
also the maximum lead required for the highest 
65 engine speed; and it will also fix the exhaust area 
required. 

Since a — 360 Nt 

W 

00 ftnd A “l00 Ktv 

in practice it will be found convenient to base 
the calculations on an angular interval of 25* 
between exhaust and inlet opening for an engine 
speed of 25 revs7sec. with a hypothetical mean 
65 speed of mass exit of the burnt gases of 450 
meters/sec. 

By way of example in a 3-cylinder opposed 
piston engine constructed by the applicant, the 
volume of each cylinder was 1220 ccs., the area 
70 of exhaust lead 19.66 cm J , and the angle of ex- 
haust lead 20 °. 

A single cylinder of such an engine is illustrated 
in Mgure 1 of the drawings, which shows a cyl- 
inder bore I, open at both ends, with two pistons 
75 2 , 1 working in opposition in this bore, each con- 


trolling respectively inlet and exhaust ports I, 

7 located at opposite ends of the cylinder and 
leading to ducts 4 , 6 respectively, the individual 
pistons being ope?uted by separate crank shafts 
or by a single crank shaft (not shown) . 5 

Assume a hypothetical mean speed of mass 
exit of the burnt gases of 450 metres/sec., and 
that X=H. 

The length of the column of exhaust gas will 
be 1.25 metres. 10 

The duration of time of mass exit will be 
secs. This will be the time the crank rotates 
through 20°. In other words the maximum en- 
gine speed that will be attained with the required 
timing of inlet opening will be 1200 R. P. M. 15 
It was dedred with this engine to have the 
required timing of inlet opening at all speeds up 
to 2400 R. P. M. 

Based on the above data, this would require 
the area of exhaust lead to be increased to 39.32 20 
cm.*, with a lead of 20 *. 

It was found in practice that these figures were 
amply sufficient and that with an area of exhaust 
lead of 30 cm * and a lead of 22° the desired 
result was still obtained, these figures showing 25 
that the hypoethetical mean speed of mass exit 
should have been in the neighbourhood of 500 
metres/sec. 

It should be noted that by means of the inven- 
tion the result is ensured that inlet opens after 30 
exhaust only with the required delay to ensure 
that the burnt gases are moving outwardly 
through the exhaust orifice or system as a con- 
sequence of their mass exit from the cylinder. 

At any engine speed the earliest moment at which 33 
inle* can be opened in order to obtain advantage 
from the evacuation of the cylinder bv the mass 
exit of the burnt gases will be the moment when, 
the rear end of the mass of burnt gases, during 
its outward motion as a consequence of its mass m 
exit from the cylinder, has passed the point at 
which the inlet orifice is situated and causes a 
suction into the cylinder at this inlet. 

It will be appreciated that, other things being 
equal, as the engine speed increases, the moment 4 _ 
at which inlet opens becomes situated more and 0 
more closely to the earliest moment defined above, 
until a maximum speed Is reached when inlet 
opens at this earliest moment. 

Two objectionable actions may arise which will r>(> 
cause the operation of the engine to be defective: ’* 

(1) At certain speeds disturbances are pro- 
duced by the return 01 the burnt gases, which 
mixes the fresh air with the burnt gases and 
forces the charge out of the cylinder. 

(2) At higher speeds the depression extends 
over a larger crank angle and as this depression 
also exists in the exhaust pipe it draws on the 
charge admitted into the cylinder and thereby 
reduces the weight of air in the final charge; 00 
consequently by closing exhaust before the return 
occurs at low engine speeds, the successful opera- 
tion of the engine at higher speeds will be en- 
sured. 

This result may be obtained In the opposed r >5 
piston engine referred to above, in which one 
piston controls the inlet ports and the other con- 
trols the exhaust ports by causing the crank of 
one piston to lead that of the other plstou by a 
suitable amount. 70 

Further, it is of great advantage to have the 
inlet and exhaust ports opened at the highest, 
velocities, as in this way the rapid exit of the 
burnt ivses and the inflow of the fresh charge 
will be facilitated. 75 
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In this engine by suitably offsetting the cranks 
with respect to the cylinder, the pistons may be 
caused to open the exit and inlet ports at the 
highest linear speeds. 

g In certain cases It may occur that the return 
of the burnt gases at low speeds takes place too 
soon to permit the engine to be charged or to 
permit a suitable and convenient closure of ex- 
haust before the return of the burnt gases oc- 
10 curs, and in this case the engine *111 be modified 
in order to cause the return to occur sufficiently 
late for the purpose required. 

This result may be obtained for example by 
utilizing means such as those described in my co- 
15 pending application No. 738,010 (Patent No. 
2,110,986) fo? delaying the return of the gases; 
or by flaring the exhaust pipe outwardly, or with- 
in limits Ly lengthening tne exhaust pipe. This 
result may also be obtained by arranging that the 
2 q exhaust takes place at a moment when a depres- 
sion exists or Is produced in the exhaust pipe. 
For example in a multi-cylinder engine the ex- 
haust from the individual cylinder* may be bo 
connected together that a cylinder exhaust into 
25 a pipe in which a depression has been previously 
produced by the exhaust from another cylinder 
and before this depression has been destroyed by 
the return of the burnt gases. 

It should be noted that the invention is ap- 
30 plicable to engines both in cases when the charge 
is admitted to the engine directly from the at- 
mosphere and when It Is Introduced by a com- 
pressor. 

The sole difference between these two cases 
w consists in the difference in admission pressure at 
wliich the air enters the cylinder. Thus, for 
example, if we have an engine which is estab- 
lished in such a way that at the moment of open- 
ing the admission, the depression in the cylinder 
^ is 7 metres of water for example, the atmospheric 
w air is pushei into the cylinder with a force of 
700 gins, per sq. c. m. If a compressor Is con- 
nected on the engine and this compressor gives a 
pressure of 300 gins, per sq. c. m„ then In this 
Case the air is pushed Into the cylinder with & 
40 pressure of 700 gins., plus 300 gms., making a 


total of 1 Kg. Consequently it will be advan- 
tageous to provide compressors of the centrifugal 
type for example. Air can pass freely through 
these compressors, independently of the rotation 
of the rotor and consequently the first and mas- 5 
slve entry of air nto the cylinder will not be 
restricted as in a volumetric compressor. 

The advantage of this type of compressor Is 
that It permits the engine to work by direct ad- 
mission through the compressor, even when the 10 
latter has stopped and is not working. 

Any compressor so used could be arranged so 
that the air normally passes freely to the engine 
from the atmosphere, the compressor then being 
actuated when required in order to increase the 15 
charge passing through the compressor or for 
supercharging such as is necessary for example 
cm an aircraft engine. 

What I claim is: — 

1. A two-stroke cycle internal combustion en- 20 
gine of the kind set forth wherein the area of 
exhaust lead and the angle of exhaust lead con- 
form with the following equation: — 

— y - 

100 KAv 360 J V r M 

where W is the cylinder volume In cm.*, A the 
area of exhaust lead in cm. 9 , v a hypothetical 
mean velocity of mass exit of the burnt gases of 
the order of 450 metres per second, K a constant 35 
depending upon the form of the exhaust orifice 
and the area opened per unit movement of the 
piston or crank shaft, a is the angle of exhaust 
lead in degrees and N the speed of the engine in 
revolutions per second, the time t being such as 35 
to ensure that the mass exit of the burnt gases 
from the cylinder will be completed in the Interval 
elapsing between exhaurt and inlet opening. 

2. A two-stroke cycle internal combustion en- 
gine as claimed in cla m 1 , wherein a equals 40 
20’ where N equals 25 resolutions per second. 

3. A twor stroke cycle iuternal combustion en- 
gine of one litre capacity as claimed in claim 1 , 
wherein t is equal to .C02 secs. 

MICHEL KADENACY. W 
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Hits Invention relates to two-stroke cycle In- 
ternal combustion engines which operate In con- 
formity with the natural phenomena accompany- 
ing the combustion and discharge of the gases, 

5 that is to say, to engines in which the high de- 
pression or vacuum occasioned as a consequence 
of the discharge of the burnt gases from the 
cylinder Into the exhaust system as a coherent 
mass at a speed in excess of the speed of adiabatic 
10 expansion, by virtue ol the energy contained in 
the gases while still in the cylinder. Is utilized in 
charging the engine. 

More particularly the invention relates to two- 
stroke cycle internal combustion engines, wherein 
the evacuation of the cylinder by the mass exit 
of the burnt gases is utilized in introducing the 
fresh charge by opening the inlet when the burnt 
gases are moving outwardly through the exhaust 
20 port or duct as a consequence of their mass exit 
from the cylinder. 

The object of the invention Is to provide a 
method of constructing such an engine, whereby 
an optimum and stable torque may be obtained, 
20 and additionally a constant torque over a desired 
speed were. 

The invention consists in arranging that the 
area of exhaust orifice opened, within a suffi- 
ciently short intervr* of time to ensure that the 
30 C&S 3 S then still in the cylinder retain sufficient 
ballistic energy to maintain a speed greater than 
the speed of adiabatic expansion during the sub- 
sequent evacuation of the cylinder, is greater 
than the product of the area of the engine piston 
30 multiplied by the instantaneous speed of adia- 
batic expansion for the medium considered and 
divided by the instantaneous speed of balhsUc 
exit. 

The area of exhaust defined in the above para- 
40 graph will hereinafter be referred to as the criti- 
cal area of exhaust. 

The invention hut her consists in arranging 
for an additional area of exhaust orifice to open 
after the said critical area has opened in order 
40 to ensure a move rapid evacuation of the burnt 
gases. 

The invention -till further consists in arrang- 
ing for the said critical area to be opened within 
the required interval of time at the lowest engine 
60 speed. 

The invention will be more clearly understood 
from the following description and by reference 
to the accompanying drawings, in which: 

Figure 1 Is an explanatory dlftgram relating to 
M the velocity of exit of the burnt gases upon their 


discharge from the cylinder through exhaust 
orifice. 

Figure 2 is a diagram illustrating the different 
conditions obtained in the cylinder of an internal 
combustion engine as a consequence of the dis- 6 
charge of the burnt gases and showing the effect 
of a retarded opening of the critical area. 

Figure 3 is a similar diagram to Figure 2. but 
showing the effect of an earlier opening of the 
critical area. 10 

Fig. 4 is a central section through the cylinder 
showing the Inlet and exhaust 

Fig. 5 is a section at right angles through Fig. 4 
on the line 6 — L 

It has been the oonunon belief that when the 15 
burnt gases are discharged from the cylinder of 
an internal combustion engine, the discharge of 
the burnt gases is in the nature of an adiabatic 
expansion and the speed of discharge of these 
gases is the speed of sound for the medium 20 
considered. 

The applicant has already indicated in prior 
specifications that this assumption is not in ac- 
cordance with fact, and that the behaviour of 
the burnt gases upon and after their discharge w 
from the cylinder is such as to lead to the belief 
that the burnt gases, while still in the cylinder, 
form a body having properties similar to those of 
a resilient body, and which upon the opening of 
the exhaust orifice, seeks to project itself as a 90 
coherent mass from the cylinder. 

They have observed that when the exhaust 
orifice opens there is first a period of delay, dur- 
ing which no appreciable change occurs in the 
gaseous medium external to the exhaust orifice 35 
and that after this delay has elapsed the burnt 
gases issue from the cylinder at a speed greatly 
in excess of the previously assumed speed of 
adiabatic expansion and as a coherent mass, the 
motion of which Is governed by the laws of 40 
reflection and rebound. 

This is in no way to be understood as exclud- 
ing the expansion of the gases during their dis- 
charge from the cylinder. During this discharge 40 
the adiabatic expansion of the burnt gases occurs 
continuously but, on accout of the fact that 
their speed of exit is greatly In excess of the 
speed of sound, the gases display consequent 
properties of cohesion so that they are capable so 
of separating themselves from the walls of their 
containing vessel. 

In order to give a clearer understanding of 
the phenomena under consideration and of the 
present Invention, an analogy may be drawn by 65 
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referring: ft o the behaviour of a coil spring in 
reacting to impressed forces. 

If a free helically coiled spring is placed on a 
table and is subjected to compression, the force 
• of compression stored in the spring is a force 
acting on a mass and capable of imparting mo- 
mentum to this mass. If the spring is then re- 
leased so that it expands against a resistance, 
and the resistance is suitably chosen, the spring 
10 can be caused to expand slowly until it returns 
to its free length in which it will remain in a 
state of rest. 

The work done by the spring in expanding will 
then have become stored in the resistance. 

10 On the other hand, if the spring, after having 
been compressed on the table, is suddenly re- 
leased, that is to say the compressing means are 
removed in a very small interval of time, the 
spring, while expanding as a consequence of Its 
20 release, will also leave the table bodily. The 
energy stored in the spring has been utilized 
wholly in imparting momentum to the spring. 
During its flight through the air after it has left 
the table, oscillations will occur in the continu- 
es ous medium constituting the spring, but these 
oscillations will bear no direct relationship with 
the motion of the spring bodily from the table. 

This condition may be compared with the exit 
of the burnt gases from the cylinder at a speed 
30 higher than the speed of adiabatic expansion. 
Again, if while the spring is held In a static 
state of compression between two surfaces it is 
subjected to an impact, for example a hammer 
blow, the action exerted on the spring by the 
35 hammer blow will manifest itself in two forms. 
In the first place it will increase the compression 
of the spring and in the second place it will 
cause motion of the centre of gravity of the 
spring, since it is a force acting on a mass and 
40 capable of producing an acceleration of this mass. 
If one of the retaining walls is then removed 
In such a short interval of time that this motion 
of the centre of gravity of the spring still con- 
tinues, the spring will rebound bodily from the 
45 other wall with a speed which is increased as a 
consequence of the velocity imparted to its cen- 
tre of gravity by the hammer blow. 

The hammer blow imparted to the spring may 
be compared with the Impact exerted on the com- 
50 pressed gases in an engine cylinder by the com- 
bustion of t’lese gases, and it will be seen that the 
suggestion at Is being made is that this combus- 
tion, in addition to Increasing the pressure of the 
gases, *ney also impart velocity to the centre of 
55 gravity of the mass of gases in the cylinder, and 
that the speed of exit of the burnt gases when the 
exhaust orifice is opened is influenced by this 
possible pre-existing velocity in the cylinder. 

’From the above explanation it will be seen that 
00 in the applicant’s view the burnt gases which are 
discharged from the cylinder of an internal com- 
bustion engine have a mechanical elasticity which 
can be compared with that of a spring and that 
It h the time element that determines whether 
05 the gases will leave the cylinder by a flow set up 
by adiabatic expansion or as & body projected by 
applied force. 

The adiabatic expansion of gases may be com- 
pared with the condition under which the ex- 
70 panslon of tho spring is exerted upon an op- 
posed resistance. The mass exit of the burnt 
gases from the cylinder may be compared with 
the condition under which the major part of 
the energy stored in the spring is transformed 
75 into motion of the mass of the spring. 


When the burnt gases leave the cylinder through 
the exhaust orifice, their velocity, since It la 
greatly In excess of the speed of sound for the 
medium considered, may be considered to be the 
consequence of two factors, 5 

( 1 ) an adiabatic flow having a velocity equal 
to the speed of sound, and 

( 2 ) a force capable of Imparting to the gases a 
velocity greatly in excess of the speed of sound. 

This force will hereinafter be referred to as 10 
the ballistic force and the velocity which is a 
consequence of this force will be called the ballis- 
tic speed of the burnt gases. 

Under the action of the first of these factors 
the gases are only capable of expanding as a 15 
continuous medium maintaining contact with all 
parts of the walls of the containing vessel, and 
until a pressure equilibrium is reached between 
the cylinder and the external atmosphere. 

Under the action of the second of these factors, 20 
since t lie centre of gravity of the mass of burnt 
gases is moved at a speed in excess of the speed 
of sound, the mass of burnt gases is capable of 
separating itself from its containing walls. 

Iu considering the analogy between the burnt 25 
gases in an engine cylinder and the compressed 
spring, it must however be borne in mind that 
in the engine the burnt gases are discharged from 
the cylinder through an orifice which is always 
smaller than the area of cross section of the cylin- 30 
der and which is opened gradually and not in- 
stantaneously. The release of the gaseous spr.'ng 
formed by the burnt gases is thereby resisted and 
the greater this resistance the less will be the 
energy that Is transformed into momentum of the 35 
mass of the gaseous spring. 

If we consider that the burnt gases have ar- 
rived in the exhaust duct and are passing out- 
wardly through the latter at their instantaneous 
ballistic speed, and neglect expansion, then on 40 
account of the difference in area between the ex- 
haust orifice and the area of the engine cylinder, 
the centre of gravity of the portion of the burnt 
gases remaining in the cylinder will adopt a 
resultant movement towards the outlet at a slower 45 
speed than that of the portion of the burnt gases 
contained in the exhaust duct and the ratio be- 
tween these two 5peeds will be determined by the 
ratio between the area of exhaust orifice open at 
this moment and the arei of cross section of the 50 
cylinder. 

But since the whole mass of burnt gases is ex- 
panding continuously at its speed of adiabatic 
expansion, the speed of exit of the portion of the 
burnt gases contained in the cylinder at any 55 
moment will be reduced by the speed of this ex- 
pansion. 

Expressed In other words, the increment of 
volume by expansion occurring in the cylinder in 
any interval of time, is deducted from the ef- 50 
fective reduction in volume of the cylinder con- 
tent by escape through the exhaust orifice in this 
same interval of time. 

It will therefore be seen that according to the 
predominance of one or the other of the two os 
factors mentioned above, at the end of the dis- 
charge of the burnt gases as a consequence of 
both of these actions, the cylinder space will 
either be full of gases at atmospheric pressure in 
an inert stete, or It will contain gases in a rare- 70 
fled state, or this space will be completely void 
of burnt gases. 

It is now proposed to analyze these three con- 
ditions with reference to Figure 1 of the accom- 
panying drawings. 75 
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This figure shorn two Telocity curves. oq a 
time base, the ordinates representing velocities. 

The point • represents the moment at which 
the exhaust orifice commences to open. 

0 The curve I represents the changes in velocity 
that occur in a gar which is expanding from a 
high pressure to a low pressure, and when a 
purely adiabatic flow has been established. 

The ordinate v represents the maximum veloc- 
10 lty which will be obtained when the pressure 
difference is greatest (that is to say, at the mo- 
ment when the exhaust orifice opens), and it 
will be seen that this velocity falls gradually as 
the time interval increases, until it eventually 
15 reaches zero. 

Such a curve may be established by calculations 
based on considerations well known In the art, 
and Is an imaginary curve of what is assumed to 
occur when a gas is expanded from a high pres- 
20 sure to a low pressure. 

The applicant has observed that the changes 
In velocity that occur Initially as a consequence 
of the opening of an orifice tor the release of the 
compressed burnt gases in an internal combus- 
26 tion engine are not those represented by the 
curve I. On the contrary, with a certain delay 
the velocity of exit rises rapidly to & speed 
greatly in excess of the maximum velocity of 
adiabatic expansion. If the duration of exit is 
30 prolonged, this high spee^ of exit then falls and 
eventually becomes identified with the adiabatic 
speed. 

This initial high or ballistic speed manifests 
itself as a consequence of the opening of an 
85 exhaust orifice, irrespective of the size of this 
ortfice, but evidently the volume of gases dis- 
charged at this initial brilistic velocity, which 
exists for only a very short interval of time after 
the burnt gases have commenced to leave the 
40 cylinder, will depend upon the magnitude of the 
orifice. 

These conditions are represented by the curve 
2 in Figure 1. 

It will be seen that in this case the velocity 
45 rises rapidly to a peak value V which is greater 
than the maximum velocity of the curve I and 
subsequently falls first rapidly and then at a 
decreasing rate until it finally merges with the 
curve I at the point ) in a time t which will be 
50 hereinafter referred to as the critical time. 

Following the analogy of the spring, it may be 
Imagined that the curve I represents the varia- 
tions in rate of expansion that occur when the 
compression of the spring Is released so gradu- 
55 ally that the reaction exerted by the table against 
which the spring is compressed is absorbed by 
doing work on another medium than on the 
spring, and no propelling action on the spring 
occurs. In the case of the curve 2 the higher 
SO ordinate V may be considered to be due to the 
propelling action arising either solely from the 
compression of the spring at this moment or 
from this action in combination with the pre- 
existing velocity of the centre of gravity of the 
60 spring produced by the hammer blow, that is, by 
the combustion of the charge. In this case the 
gaseous spring upon its release will be subjected 
to an acceleration which is represented by the 
initial rise In the curve 2 and alter a period of 
70 time t when the energy of propulsion is dissi- 
pated any further motion of the centre of grav- 
ity can only be produced by simple adiabatic ex- 
pansion, the curve 2 will become tangential with 
the curve I at the point 3. In the curve 2 the 
79 initial velocity has been take as v but it mm be 


higher or lower than this value since if the 
hammer blow is taken into consideration as pro- 
ducing a pre-existing velocity of the burnt gases 
In the cylinder, then s* the moment the ex- 
haust orifice opens, the burnt gases may be mor- a 
ing towards or away from the orifice at this pre- 
existing high velocity. 

It will be seen from the above that at the end 
of the interval of time i the velocity of the burnt 
gases which can be caused by all the factors 10 
that have any influent* on the velocity of the 
gases has fallen to such a low level that it be- 
comes equal to the velocity that can be produced 
solely by a simple adiabatic flow. 

At this moment it may be said that the speed IS 
of exit of the burnt gases becomes the speed Of 
adiabatic expansion of the burnt gas ts, which is 
effective in all directions, so that at any moment 
thereafter the burnt gases will completely fill the 
space in which they are accomzr.odc.ted. In an 20 
engine of the kind to which the Invention relates 
the discliarge of the whole or a substantial por- 
tion of the burnt gases occurs in that part of the 
curve 2 which lies to the left ol the point 8. 

If the burnt gases have left the cylinder of the 25 
engine through an orifice and in such a way that 
at the end of the time t the pressure in the cyl- 
inder is above atmospheric pressure, then there- 
after the burnt gases will simply expand adla- 
batieally until a pressure balance has been 30 
reached between the cylinder and the external 
ambient medium. 

When an exhaust system Is fitted the equaliza- 
tion of pressure will be established between the 
medium in the cylinder and the mcoium in the 35 
exhaust system, but the exhaust system is under 
the influence of the gases that have left ballis- 
tically and account must be taken of this action 
upon the interior of the cylinder in the follow- 
ing moments. 40 

If, however, the exhaust orifice is opened and 
in a time interval shorter than t and at the 
ballistic speed of exit of the gases a pressure 
balance is reached, then thereafter, since the 
burnt gases are still propelled outwards at their 45 
ballistic speed, a depression will be created in 
the cylinder. This is a second case. 

In this case also a controlling action may be 
obtained by the use of a suitably designed ex- 
haust duct, whereby the depression in the cyl- 60 
inder may be intensified and its duration pro- 
longed by the action of the burnt gases which 
have left the cylinder ballistic&lly. 

Further, if in an interval of time less than t, 
the area of exhaust orifice opened is greater than 55 
the area of the engine piston multiplied by the 
instantaneous speed of adiabatic expansion and 
divided by the Instantaneous speed of ballistic 
exit, then, at this moment, the expansion of the 
tail end of the burnt gases contained in the cyi- 50 
Inder will no longer be a predominant factor, 
and this tail end of the burnt gases will detach 
itself from that portion of the cylinder most re- 
mote from the exhaust orifice and a complete void 
will be left behind the burnt gases in the cylinder. 65 
This is a third case. 

The shorter the Interval of time in which this 
critical area is opened, the less the expansion of 
the burnt gases that will have occurred in this 
time Interval, and consequently the more compact 70 
will be the tail end of the bunt gases, and the 
more ballistic energy will remain in the burnt 
gases, so that the volume of complete void that 
will be left behind the tail end of the burnt gases 
will be the greatest. 75 



173 


4 


9,199,S«9 


For the ballistic speed of exhaust a value of 
from 1400 to 1800 metres/sec. may be assumed, 
according to the quality of the combustion and 
the degree of compression. These figures relate 
5 to fuel oil, of the kind commonly employed in 
compression ignition engines and will vary with 
the type of fuel employed. For petrol, the figures 
will be somewhat higher. 

For the speed of adiabatic expansion, figures of 
hi 350 to 450 metres/sec. may be assumed, so that 
if the higher figure is taken in each case, the 
critical area of exhaust orifice will be 45 %soo or V4 
the cross sectional area of the engine cylinder. 

For the critical time t the value sec. may be 
I* assumed, since the applicant has found that it is 
in the neighbourhood of this time interval that 
a very satisfactory utilization of the ballistic phe- 
nomena is obtained for the purpose of the present 
invention. 

The manner in which the above considerations 
may be applied in the construction of an engine 
will appear from the following and with reference 
to Figures 2 and 3, but it must be understood 
throughout the present specification that where 
-•'> numerical values are assumed for the adiabatic 
or ballistic speeds of the burnt gases and for the 
critical area of exhaust and for the critical time 
interval referred to above, these values are prac- 
tical values which have been obtained as a result 
30 of experience and that although they suffice for 
establishing an engine in accordance with the 
invention, they are not necessarily exact values. 

As a first method of calculation it may be 
assumed that at the moment of opening of ex- 
haust the gases in the cylinder are at a pressure 
of 5 atmospheres, and that 4 cylinder volumes 
of burnt gases must be discharged to restore an 
instantaneous and figurative pressure balance be- 
tween the Interior of the cylinder and the atmos- 
40 phere external to the exhaust orifice, these 4 
volumes being discharged at the ballistic speed 
of 1,800 metres/sec. On the basis of these con- 
siderations a curve can be constructed, the points 
on which denote the crank angle at which this 
45 pressure equilibrium is reached at varying engine 
speeds. On such a curve, when these 4 volumes 
have been discharged in a time less than the 
critical time t, the end of exhaust will occur at 
the ballistic speed of the burnt gases. 

50 As an alternative Method of approximate cal- 
culation, the applicant has found th&t in engines 
of the kind to which tne invention relates, a hy- 
pothetical speed of 450 metres per second may 
be applied to the exit of one cylinder volume of 
55 burnt gases, neglecting expansion but including 
the delay period that elapses before the burnt 
gases commence to leave the cylinder. The time 
interval that will be required to discharge the 
burnt gases from *he cylinder can be calculated 
from a consideration of the mean area of open- 
ing of the exhaust orifice. 

Either cf the above methods of calculation will 
give the same result, but the curve shown in Fig- 
ure 1 is obtained by the second of these methods. 
•5 in this figure -he ordinates represent degrees 
of crank movement starting from the opening of 
exhaust which is marked by the point I and the 
abscissae represent revolutions per minute of the 
engine. 

70 The curve 14 indicates the angular interval at 
which the burnt gases have been discharged from 
the cylinder at the different speeds of revolution 
of the engine, in so far as the action within the 
cylinder is concerned. This curve is obtained as 
75 follows: 


Assuming the volume of the cylinder to be rep- 
resented by W 

the angular interval between the opening of the 
exhaust and any chosen point on the crank angle 
by a S 

the mean area of exhaust orifice opened In this 
crank angle by A, 

then the length of the column formed by the 
issuing mass of burnt gases will be 


A 

the time interval that will be occupied for the 
mass of burnt gases to travel this distance past 
the exhaust orifice at 450 metres/sec. will be 15 


A a 450 


It is then necessary to determine the engine 
speed at which in the chosen number of degrees 
of crank angle the mean area of exhaust orifice 
In question has been opened in the above men- 
tioned time interval, and this will enable points 
on the curve to be obtained for each selected an- 
gular Interval after exhaust opening has com- 
menced. 

Polar co-ordinates representing constant time 
Intervals elapsing after the opening of exhaust 
at varying engine speeds are then drawn from the 
point 0, the lines 05, 06, 01, 98 representing re- 
spectively %o» sec., Vi oo sec., sec., Uwo sec. 

If a vertical ordinate is drawn at the point • 
at which the curve 04 intersects the line 05, it will 
be seen that this ordinate, in the example chosen, 
corresponds with a speed of approximately 660 
R. P. M. 

At all speeds higher than 6G0 Ii. P. M., in the 
area marked O, it may be assumed that the burnt 
gases are discharged from the cylinder in an in- 
terval of time less than sec., and consequently 
that the cylinder is left in a rarefied condition 
or is completely void of gases. 

At all speeds under 660 R. P. M., it will be 
seen that the burnt gases are discharged in an 
interval of time which is greater than M»o sec., 
so th&t in the area below the curve 04 marked by 
the reference letter R, the end of the exhaust 
occurs at speeds progressively approaching those 
of adiabatic expansion only, leading eventually, 
at some unspecified lower speed to an equaliza- 50 
tion of pressures between the cylinder and the 
external atmosphere. 

A horizontal line is then drawn in the diagram 
to represent the crank an&le at which the critical 
area of exhaust orifice Is opened. It will be seen 55 
th&t this line which is designated by the numeral 
II in the drawings intersects the curve 04 at the 
point 1 1 which corresponds with a speed of 2,100 
R. P. M. At all higher speeds than 2,100 R. P. M., 
in the area marked B, the critical area of ex- ^ 
haust orifice has been opened in an interval of 
time sufficiently smaller than sec. to ensure 
that after this critical area has been opened the 
speed of the burnt gases then contained la the 
cylinder, In the direction of outlet, w'll be suffl- 65 
ciently greater than the speed of &di ibatic ex- 
pansion so that the tail end of the gases then in 
the cylinder will constitute what may he consid- 
ered to be an imaginary gaseous piston whit a 
detaches itself from the end of the cylinder, 70 
leaving a complete void behind it. 

It should be clearly understood that the tali end 
of the burnt gases at this moment rnay be in either 
& rarefied or compressed state and that this will 
depend upon the time interval. 75 
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At the point 1 1 the tail end of the burnt gases 
will be highly rarefied, but thereafter as the speed 
increases the imaginary gaseous piston will be 
more and more highly compressed, while still de- 
ft taching itself from the cylinder head, since the 
interval of time that has elapsed before the crit- 
ical area h as opened becomes shorter, and the 
amount of expansion of the burnt gases that can 
have occurred is also smaller. 

10 In addition as the speed of the engine increases 
after the point ! I , the quantity of burnt gases that 
has left the cylinder at its ballistic speed before 
the critical area of exhaust is opened will be 
smaller so that the < nergy contained in the burnt 
1ft gases remaining in the cylinder when the critical 
area of exhaust is opened will be greater. 

In the engine under consideration it will be now 
assumed that inlet is timed to open at 13° after 
exhaust opens, the opening of inlet being repre- 
20 sented by the horizontal line 12. 

It will be seen that this line passes through the 
point 9 which is at the intersection of the curve 
04 with the line 05 representing Vsoo sec. 

In this engine, therefore, at speeds less than 
25 660 R. P. M., at the end of the exhaust operation 
the residual gases in the cylinder have been left 
in a progressively less rarefied condition by the 
discharge of the burnt gases at their ballistic 
spe-»j. 

80 At speeds higher than 660 R. P. M., at the end 
of the exhaust operation the cylinder has been 
left in a progressively more highly rarefied con- 
dition by the discharge of the burnt gases at their 
ballistic speed, but at all these higher speeds of 
35 the engine, inlet is opened too soon to permit a 
good utilization of this depression or rarefaction. 
If the timing of i P:H opening is then altered 
in order to permit a good utilization of the depres- 
sion left in the cylinder by the mass exit of the 
40 burnt gases as set forth in British specification 
No. 431,856 and in other specifications in the 
name of the present applicant, for example so 
that the interval between exhaust opening and 
Inlet opening is 22° on the line 13, then at 1,600 
45 R. P. M., the engine will be capable of operating 
by drawing its charge directly from the atmos- 
phere and it will give its maximum torque at this 
speed although this will not be the optimum pos- 
sible torque for t lis engine. 

50 At higher speels than 1,600 R. P. M., inlet will 
open too soon an 1 the torque will fall o£T rapidly. 

Below 1,600 R. P. M. the crank angle between 
the discharge of the burnt gases from the cylin- 
der and the open ng of inlet increases and in ad- 
55 dition the depression left in the cylinder decreases 
so that eventually the torque again falls off. 

If 4 *; angular interval between exhaust open- 
ing ai d inlet opening is further Increased to 28* 
on the line 14, then at 2,600 R. P. M. the critical 
60 ar 23 . of exhaust has been opened in an interval of 
time considerably smaller than sec., and 
before the ballistic speed of the burnt gases has 
become non-existent. Consequently the imagi- 
nary gaseous piston will separate itself from the 
65 cylinder, and the cylinder will be completely evac- 
uated and capable of receiving a full charge by 
atmospheric pressure under the best possible con- 
ditions. 

It will then be seen that the range of working 
70 speeds at which the engine can operate with a 
fixed timing of lilet and by drawing its charge 
directly from the atmosphere has been consider- 
ably increased and that at its highest speed range 
the conditions of operation will be such as to per- 
75 mit an optimum x>rque to be obtained. 


5 

By way of example only, numerals indicating 
the velocity of the burnt gases have been placed 
at different points on the curve 04 in order to 
Indicate the manner in which the velocity at the 
instantaneous end of exhaust Increases as the ft 
interval of time occupied by the discharge of the 
burnt gases decreases. 

It will be appreciated from a consideration of 
Figure 2 and the above description that the most 
desirable conditions for the engine will be those 10 
in which the critical area is opened in the smallest 
possible crank interval after the opening of ex- 
haust and in which this critical area of exhaust 
orifice is opened within the critical time interval 
at the lowest engine speed. 1ft 

Such a condition is illustrated in Figure 3. 

This figure is similar to Figure 2 in respect of 
the showing of the curve 015 and the polar co- 
ordinates 018 to 026 representing constant time 
intervals. 20 

In this example it is assumed that it is desired 
that at all speeds above 600 R. P. M. the cylinder 
shall be left completely void as a consequence of 
the discharge of the burnt gases at their ballistic 
speed, that is to say, that the imaginary gaseous 25 
piston will always separate itseii from the cylin- 
der head and will thereafter move continuously 
out of the cylinder. 

In order to obtain such a condition, the engine 
is so arranged that the critical area of exhaust 30 
orifice is opened within the critical interval of 
time at a speed lower than 600 R. P. M. In the 
example the critical area is opened within an 
irterval of %oo sec. at 350 R. P. M., the critical 
area being opened in 7° of crank movement after 35 
the opening of the exhaust. This pre-supposes a 
larger periphery of the exhaust orifice and has 
the effect of flattening the curve 6 1 5. 

This will have the effect of reducing the range 
of speeds over which the area G of the curve 40 
(Figure 2) extends and in which the cylinder is 
left in a rarefied condition, but not completely 
void. 

The distance between the points 9 and 1 1 may 
in fact be so reduced by suitably situating the 45 
critical area of exhaust orifice that the portion 
G of the curve, for all practical purposes, may 
be considered to be nonexistent, and so that 
the engine operates throughout its whole speed 
range under the best possible conditions, with 50 
the cylinder completely empty of burnt gases at 
the end of the discharge of the latter. 

In Figure 3 the line CIS representing the criti- 
cal time of '^00 sec. intersects the curve 015 
at the point 21 and the line 28 representing the 55 
critical area of exhaust orifice also intersects 
the curve 015 at the point 21. 

In the portion Ri of the curve 015 to the left 
of the point 21, the cylinder, at the end of the 
discharge of the burnt gases therefrom, and 60 
neglecting the action in the exhaust system of the 
portion of the gases which has le: T t the cylinder 
ballistic&lly, remains full of gases at atmospheric 
pressure while to the right of the poir 21, in 
the part Bi, the imaginary gaseous pistu. always 65 
separates itself from the end of the cylinder. 
But for the sake of accuracy, since the inter- 
mediate condi tic n cannot be made to disappear 
wholly, a narrow portion Gi of the curve is 
shown overlapping the point 21. 70 

It should be understood clearly tha* the curve 
015 is an imaginary curve, and give*, no indi- 
cation of where the burnt gases are situated at 
the assumed end of the discharge, or when the 
four cylinder volumes have been discharged. 75 
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The portion of the curve III which is of in- 
terest in establishing the timing of inlet open- 
ing, is that part which lies to the right of the 
point 27 on the Vmo sec. line, since it is in this 
5 part of the curve that the imaginary gaseous 
piston separates itself from the end of the 
cylinder. 

As stated above, when the critical area of ex- 
haust orifice has been opened, the imaginary 
10 gaseous piston will commence to separate Itself 
from the cylinder head. At this moment a cer- 
tain quantity of the burnt gases has already 
been discharged r rom the cylinder, but the vol- 
ume of the cylinder remains fully occupied by 
15 burnt gases. 

It may, therefore, be assumed that after this 
moment one cylinder volume of burnt gases has 
to be discharged through the exhaust orifice at 
a mean speed of 1,800 metres per second, the 
20 mean area of the exhaust orifice through which 
this exit occurs being measured from the mo- 
ment when the critical area is opened until the 
moment when the tail end of the burnt gases 
leaves the cylinder. 

25 in order to establish the moment when the 
evacuation of the cylinder is completed over this 
part of the curve 015 e further calculation may 
be applied in the following manner. 

Such a calculation should take into considera- 
30 tlon the expansion of the burnt gases during 
their ballistic exit from the cylinder, and the 
crank angles and mean areas of exhaust orifice 
to be considered must be measured from the 
crank angle at which the critical area of evhaust 
55 opens. 

For each chosen crank angle after the open- 
ing of the critical area of exhaust, the mean 
area of exhaust open during the interval in 
question may be determined, and it is clear that 
40 these mean areas will always be greater than 
the critical area. 

For practical purposes the mean speed of 
ballistic exit in the exhaust pipe may be assumed 
to be 1,800 metres/second, and the mean speed 
15 of adiabatic expLnsion 450 metres /second. If 
these values are taken, the calculation may be 
carried out as follows: 

If A P is the area of cross section of the cylin- 
der 

50 Ac is the critical atea of exhaust orifice. (In 
the example and according to the invention this 
will be greater than 

AgX4 50\ 

55 1800 / 

Ax is the area of exhaust orifice opened at the 
chosen crank angle. 

Then the mean area of exhaust orifice Am 
equals (Ax-f Ac) x a time/area factor say 
50 The speed of outward movement of the volume 
of gases in the cylinder will be 

^X 1800 

«5 which will be greater than 450 metres/second. 
SU.C'5 the gases are expanding backwards at 
450 metres/sec., the resultant speed of discharge 
of the cylinder contents will be 

-=1800^-450 metreu/tcc. 

From the length of the stroke the time inter- 
val occupied to evacuate the cylinder complete- 
ly at this resultant speed of exit can be deter- 
75 mined, and from this time interval the engine 


speed at which the mean area of exhaust in 
question has been opened can be determined. 

A calculation carried out in this way will give 
a curve such as the curve 21 which denotes the 
moments when the cylinder has been left com- 5 
pleteiy void. 

It will be seen that at the lower speeds this 
curve becomes situated above the curve Iff and 
that at higher speeds it becomes situated below 
this curve. !• 

This curve 21 is subject to correction since it 
is established on the assumption of a constant 
ballistic speed of exit of the burnt gases after 
the critical area has be m opened and a constant 
speed of adiabatic e:cprinsion. Id 

If it had been derived from the Instantaneous 
values of these speeds the curve would have 
adopted the form of the curve II. 

In this connection it should be observed that 
at low engine speeds, say at 800 R. P. M„ a 20 
greater proportion of the burnt gases has left 
the cylinder before the critical area of exhaust 
orifice has opened than at high speeds, say 4,000 
R. P. M. 

Consequently, at low speeds the smaller mass 25 
of the volume of burnt gases filling the cylinder 
at the moment the critical area of exhaust Is 
opened will be less dense and will contain less 
ballistic energy. Its subsequent speed of exit will 
be lower, and it will travel a shorter distance 20 
from the cylinder after the total evacuation has 
occurred. 

In the limiting case the gaseous piston will 
move a certain distance down the cylinder and 
will thereafter become stationary, and will re- 3S 
main in the cylinder. When this condition arises, 
it will be clearly understood that the gases in 
the cylinder are nevertheless in a highly rarefied 
state and expansion immediately becomes the 
dominant factor, resulting in refilling of the 40 
void with rarefied gases unless the inlet Is opened 
at this moment. 

At the higher speeds the volume of burnt gases 
filling the cylinder when the critical area of 
exhaust has opened is more dense and compact, 40 
the amount of ballistic energy retained in the 
cylinder at this moment is greater and the bal- 
listic speed of exit of the remaining burnt gases 
is higher so that the time occupied for the sub- 
sequent evacuation of the cylinder will be smaller, so 
By way of example, velocities of exit of the 
burnt gases are indicated on the curve 116 which 
may be considered In conjunction with the above 
remarks In considering the form of the curves 
21 and 26. In rddition at different points on the 55 
line 26 an indication is given of the pressure of 
the gases contained in the cylinder at the mo- 
ment the critical area of exhaust has opened. 
This indication of pressures is Intended to show 
that ?s the engine speed increases the pressure 50 
of the gases remaining in the cylinder at the 
roomer*, the critical area of exhaust is opened 
become* greater and greater, as explained above. 

It will be seen that the curve SI is higher than 
the curve 26 at lower engine speeds and that CS 
thereafter it falls a little below the curve 26 and 
that from 1,000 R. P. M , to 4,800 R. P. the 
ordinates of this curve II only Increase by 6*. 

Consequently in such an engine, if inlet Is 
timed to open at 18* after exhaust opens on the 70 
line SI, over the whole speed range of the engine, 
this timing of inlet opening will remain suit- 
able for the Introduction of the fresh charge 
into a completely void cylinder. 

At the highe st speed inlet opening is very close 76 
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to the moment when the void Is left In the cylin- 
der and at lower speeds there is never more than 
an interval of 6 * between the occurrence of the 
void and the opening of Inlet. 

5 This reasoning Is independent of the position 
of the exhaust orifice but such a timing win be 
necessary in the case of an engine in which both 
the inlet and exhaust ports are situated at the 
same end of the cylinder, for example, an engine 
10 having inlet and exhaust ports both operated by 
the same piston. 

If the exhaust and inlet orifices are at the 
opposite ends of the cylinder, then inlet may 
be opened, strictly speaking, immediately the 
15 imaginary gaseous piston becomes separated 
from the end of the cylinder at which the inlet 
orifice is situated, so that it will be possible in 
such an engine to establish a fixed timing of 
inlet such that inlet opens immediately the criti- 
20 cal area of exhaust orifice has been opened. 

In the example considered this would be at 
7* after exhaust opens. In practice, however, 
some latitude will have to be allowed and a suit- 
able fixed timing of inlet opening could be es- 
25 tablished for such an engine at say 12 *. 

In the foregoing description only brief men- 
tion has been made of the period of delay that 
elapses before the burnt gases commence to leave 
the cylinder at their ballistic speed. It will be 
understood, however, that consideration of this 
delay is subordinated to that of the critical area 
of exhaust opening; but in order to make the de- 
scription more clearly understood, the line S2 
is included in Figure 3 to show the general Situs- 
'S ticn of the delay that elapse before the burnt 
gases commence to move outwardly through the 
exhaust orifice or duct as a consequence of their 
mass exit from the cylinder. It will be under- 
stood that this mass exit commences at the end 
40 of the delay period In question, and that there- 
after if the critical area of exhaust orifice is 
opened in a sufficiently short interval of time, 
the tail end of the Issuing gaseous mass sepa- 
rates itself from the end of the cylinder with 
45 which it is in contact. It can also be Imagined 
that at some very high speed of the engine, the 
critical area of exhaust will be opened in such 
a short interval of time that the burnt gases 
have not yet been able to commence their mass 
50 exit from the cylinder and such a condition is 
represented purely by way of example by the 
intersection of the line 92 with the critical area 
line in Figure 3 it 4,500 K. P. ML 

In carrying out the present invention, it should 
55 be noted that 'he requirement is that the criti- 
cal area of exhaust orifice shall be opened within 
the critical time interval, and this imposes the 
condition that the design of the engine must per- 
mit this result to be obtained and that the de- 
60 vices selected must be those which are capable 
of permitting the conditions to be fulfilled. 

Ic applying the in/enaou to any particular 
engine, this may involve radical alterations in 
design, including the design of the exhaust ori- 
65 flee controlling means and the exhaust orifices 
themselves. 

For example, it may be necessary to provide a 
ring of exhaust ports all round the cylinder, and 
this will involve the use of two or more exhaust 
70 pipes since there must be ro surfaces which op- 
pose the exit of the burnt tf ses from the cylinder 
or which tend to reflect those gases back into 
the cylinder. 

In general the requirements of the invention 
75 may be fulfilled irrespective of whether the stroke 


of the cylinder Is relatively long or short, but 
since an increase in length of stroke relative to 
the bore will increase piston speeds, such a de- 
sign will more easily permit the desired rapid 
openings of the exhaust orifices to be obtained. 5 
Moreover, an increase in length of stroke will 
have the effect of increasing the critical time t. 

In addition, the longer the stroke relative to 
the bore, the smaller will be the proportion of 
the cylinder volume of burnt gases that can be 10 
discharged from the cylinder before the critical 
area of exhaust has opened, and consequently 
the greater the ease with which the imaginary 
gaseous piston can be made to separate Itself 
from the cylinder end at low engine speeds. 15 
It should also be borne In mind that any ex- 
haust ducts that are placed in continuation of 
the exhaust orifice will exert a controlling action 
on the Issuing mass of burnt gases. 

Further, it is desirable that after the critical 20 
area of exhaust orifice has been opeurrd the nec- 
essary additional area of orifice should b? opened 
to facilitate the escape of the burnt gases from 
the cylinder, since in this way the mean area of 
exhaust orifice is increased and the time Interval 25 
occupied for the discharge of the imaginary gase- 
ous piston will be reduced. 

By means cf the invention, conditions are es- 
tablished whereby an optimum torque and sta- 
bility of the engine may be obtained over a desired 30 
speed range, and any suitable means described 
in the applicant's British or prior British speci- 
fications may be utilized in order to permit such 
a result to be obtained. 

The invention has a particularly useful appll- 35 
cation to engines of the kind wherein the exhaust 
orifice closes later than the inlet orifice, such as 
engines in which both the inlet and exhaust ori- 
fices are situated at the some end of the cylin- 
der and are controlled by the same piston. 40 
By the use of the pres **!; t Invention, such an 
engine can be established which as a conse- 
quence of the discharge of the burnt gases, a 
completely void cylinder is ensured. 

Thereafter, by a suitable design of exhaust 45 
duct it will be possible to ensure that In the 
neighbourhood of the highest working speeds 
the return of the burnt gases is made to coincide 
substantially with the closure of inlet and in the 
interval between inlet closure and exhaust do- 60 
sure, and at all lower speeds t r ie contents of the 
cylinder are protected from the return of the 
burnt gases which will then occur before inlet 
doses, whereby fresh gases which have passed 
through the cylinder into the exhaust system will 55 
be returned to the cylinder and may give a super- 
charge. Means capable of establishing such a 
protection against the return ok the burnt gases 
have already been described by the applicant 
In prior specifications Serial Nos. 738,016 and M 
83.120, while in applications Nos. 38,826 and 46,- 
805 the Influence of the design of the exhaust 
duct upon the interval elapsing between the mass 
exit and the return of the burnt gases has been w 
explained. 

It has been stated above, that where numerical 
values are given In order to enable the present 
invention to be carried into effect, these values 
are practical values which are suitable for adop- 70 
tion. But in considering all these values, and the 
details of the curves shown in the figures It is 
again emphasized that these curves do rot pre- 
tend to be accurate record of all the factors that 
can be considered to be involved, but are practl- 75 
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cal represen tations winch can be used as a guide 
in carrying out the invention. 

I claim: 

A two-stroke internal combustion engine 
5 wherein the evacuation of the cylinder by the 
mass exit of the burnt gases is utilized for Intro- 
ducing a fresh charge, which comprises an ex- 
haust orifice in the cylinder and means for open- 
ing and closing said orifice, the shape, dlmen- 
10 sions and position on the cylinder of said orifice 


and the means for ope n i n g said orifice being m 
constructed and arranged that a sufficient area 
of said orifice is opened at such a rate at substan- 
tially the minimum working speed of the engine 
that the ballistic speed of exhaust is maintained 0 
for substantially the whole of the burnt eases 
throughout the evacuation of the cylinder at said 
minimum speed, whereby the above condition 
will be maintained at all higher working speeds. 

M. KAD ENACT. 1* 
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T HE pulsating jet engine has been given several 
names including “buzz engine,” “resojet,” “aero- 
resonator,” and “pulse jet.” It was first seriously 
scrutinized by American military and technical 
men after the initial firings of the German robot 
bomb, or V-l weapon, in the late spring of 1944. 

As a general type, the engine may be thought of 
as an intermittent, compressorless, aerodynamic 
powerplant, comprising few or none of the mechan- 
ical features of conventional stationary power- 
plants. In its simplest form, its operation depends 
only on the properties of atomspheric air, a fuel, 
a shaped tube, and some type of flow check valve, 
and not on the interposition of pistons, impellers, 
blades, or other mechanical parts whose geometry 
and motion are controllable. 

The principles involved are closely related to 
the well known Kadenacy principle used in scav- 
enging systems for 2-cycle reciprocating engines. 
In closer detail (Fig. 1), the engine is composed 
of a shaped metal tube fitted with one-way flow 
check valves at the forward end. The metal tube 
is shaped so that air flowing inward through the 
valves passes through a venturi, a cylindrical com- 
bustion chamber, a transition cone, and then a tail 
pipe to the exterior. The engine is started by in- 
troducing fuel and air into the combustion cham- 
ber, on the wall of which is mounted a spark plug 
for starting. The first explosion closes the air 
inlet valves and forces the tail pipe gases outward. 

[This paper was presented at the SAE National Aeronautic Meetine, Loa 
Angeles. Calif., Oct, 3, 1946.] 


Inertia effects in the tail gases cause an expansion 
below atmospheric pressure, and a fresh charge 
of air is brought in through the valves. The fuel, 
which is injected in a continuous spray, mixes 
with the fresh air and is ignited by the hot gases 
from the proceeding explosion. Operation proceeds 
without the benefit of ram air or operation of the 
spark plug. Pulsations give rise to the emission 
of a loud buzzing sound. 

Early Evolution of Engine 

History - Apparently, the earliest work along 
these lines was that done by Karavodine in 1908. 
He used a long, straight tube, one end of which 
was fitted with a flow check valve, the other end 
open and directed at the blades of a turbine. 
Inertia of the air column created low pressures and 
subsequent induction of fresh air after each explo- 
sion. Stodola records that this machine operated 
very inefficiently, delivering 2 hp with the con- 
sumption of 11 lb of benzene per hp-hr. This fact 
seems partially to account for its subsequent 
neglect. 

Meanwhile, thinking had developed along the 
lines of using pure rockets for the propulsion of 
aircraft. It became obvious that it was impractical 
in many applications to use a reaction device 
which necessarily carried aboard the aircraft all 
the fluid which was accelerated backwards for pro- 
pulsion. A scheme was devised whereby thermal 
energy was extracted from the rocket propellants 
and distributed ultimately not only in the propel- 
lant gases themselves, but also in a certain quan- 
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tity of external atmospheric air. This air was to 
augment the mass of rocket gases expelled and 
thereby furnish a greater mass of “momentum 
medium.’’ The proposal was to entrain and mix 
free air with the propellant gases after their ex- 
pansion through a nozzle into an ejector-like de- 
vice, after which expansion, the propellant gases 
still exhibited a high enthalpy. By mixing and 

1 See Aircraft Enaxncerinn. Vol. 14, February, 1942, pp. 32-39. “Thermal 
Air Tet Propulsion,” by Gohlke. 

" See Main German Patent No. 523.6.':, April 25, 1931, "Method of 
Prcdurinsr Reaction Forces on Aircraft." awarded to P. Schmidt. 


F ROM Karavodine’s inefficient tube in 1908 
through American developments after the re- 
covery of German V-l bombs, Mr. Edelman 
sketches the history of pulsating jet engines. 

Work in the United States has centered on in- 
strumentation, tube geometry, fuel injectors, air 
inlet valves, fuel properties, and performance 
estimation. 

Realized performance is still low in compari- 
son with predictions of best possible perform- 
ance; but the author suggests use of the pulsat- 
ing jet for helicopters having jets at the blade 
tips, for gliders, for starting turbines of aircraft 
gas turbine powerplants, and for auxiliary power 
with conventional aircraft. 

L. B. EDELMAN is, at the present time, work- 
ing on “Project Squid” at the Palmer Physics 
Laboratory, Princeton University. While serving 
for two years in the USNR. he was engaged in 
pulse-jet development work at the Naval Ex- 
periment Station at Annapolis. Md., and served 
for about six months as Bureau of Aeronautics’ 
project officer in charge of this work. After re- 
ceiving his BS in mechanical engineering from 
Louisiana State University, Mr. Edelman under- 
took graduate study on basic aerodynamics and 
thermodynamics at Harvard University. He re- 
ceived his MS in aeronautics from C.I.T. in 1943 
while working as research engineer at the Jet 
Propulsion Research Laboratory there. 


further expansion, energy was to be transferred 
to the atmospheric air, causing its velocity to in- 
crease and a net forward thrust to result. Schemes 
of this type may be found in the patent literature 
on jet propulsion. 1 

The Invention - Paul Schmidt, member of a con- 
sulting firm in Germany, reasoned that these aug- 
mentation schemes would bear no fruit, since 
ejector action followed the laws of plastic shock. 
His conclusion was that shock losses in mixing 
would cause a reduction in the gas velocity such 
that the effect of increased mass on momentum 
would be balanced, and no net thrust increase 
would be experienced. 2 

He then conceived the idea of transferring 
energy to the free air by means of combustion 
pressure applied to a plane interface between the 
’energy” and “momentum” (free air) mediums 
contained in a straight tube (Fig. 2). By such a 
piston-like transfer he claimed that no shock 
losses would result. Refilling of the tube was to 
be accomplished by means of the inertia of the 
departing air in the tube and through a set of 
check valves at the forward end. Similar ideas 
were expressed by Marconnet in 1909. 

Work began in 1928. By April 25, 1931, Schmidt 
had obtained German patent No. 523,655 on this 
idea. Until 1935, the source of funds for part-time 
experimentation was consulting work, which he 
pursued with most of his energies. From 1935 
forward, he proceeded with a small full-time group 
given only lukewarm support by the German air 
force, until in 1942 his version of the V-l engine 
was turned over to Argus in Berlin for production. 
His own work continued until just prior to VE 
Day. 

Origins in America - Information on German de- 
velopments is hazy and incomplete; the history of 
American work may be related with slightly more 
assurance. It is not entirely clear, however, to 
what degree American workers, perhaps unknow- 
ingly, were influenced by the published literature 
on patents issued to Schmidt and others. It is 
clear, at any rate, that the earliest serious experi- 
mental work in America was started more than a 
decade after the issuance of Schmidt’s patent. 

E. B. Myer experimented in 1943 on what he 
called a “detonation engine," which was comprised 
of a simple metal cone. A small explosive charge 
was set off at the vertex, and the impulse was 
measured as a function of charge size and motor 
geometry. Apparently, his work was confined to 
single pulses, prior to recovery of the V-l engines. 

Late in 1943, a group at the Aerojet Engineer- 
ing Corp. under the direction of Dr. F. Zwicky 
began consideration of a device called an “aero- 
pulse.” This was conceived of as a tube, one end 
of which was fitted with check valves; the entire 
tube was to be filled with a combustible mixture 
and burned under constant-volume conditions. Re- 
filling was to be as in Schmidt’s device, although 
there was a contrast in that only a small length 
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on the forward end of the Schmidt tube was to 
be filled with combustibles. Aerojet was given con- 
siderable financial support by the United States 
Navy’s Bureau of Aeronautics, and work began 
early in 1944. To this group goes the credit for 
gaining the first wholehearted support of the 
armed services for work along these lines. At the 
same time, the Bureau of Aeronautics set to 
work its project at the United States Naval Engi- 
neering Experiment Station, Annapolis, Md. 

By early spring of 1944 an engine based on the 
broad "aeropulse” conceptions was built and suc- 
cessfully tested at Annapolis by Lt. W. Schubert. 
This “valveless resojet,” as it was called, had no 
moving parts, its check valve being a restricting 
tube whose operation was acoustical rather than 
mechanical (Figs. 3 and 4). Schubert’s engine is 
believed to be the first pulsating jet built and run 
in this country. 

A few months later, in the summer of 1944, the 
first Y-l engines were recovered, and experiments 
were initiated at a number of other government 
and private establishments. 

Developments after Recovery of V-l Engines 

A considerable amount of active interest arose 
in this type of engine in view of its effective appli- 
cation in the V-l weapon. Work undertaken in 
this country may be broken into several broad 
categories as follows: 

1. Development and application of measuring 
techniques for study of engine operation. 

2. Investigation of the effects of changes in tube 
geometry on performance. 

3. Development of fuel introduction systems for 
better combustion. 

4. Development of air inlet valves for longer 
life and higher air inlet capacity. 

5. Testing fuels of widely different properties 
in the same engine in order to correlate fuel prop- 
erties to combustion behavior in an effort to de- 
velop fuels producing higher combustion pressure. 

6. Theoretical studies of engine operation. 

instrumentation - Measurement techniques for 

pulsating jets were necessarily the subject of de- 
velopment as well as application. Satisfactory 
techniques for measuring the time average of 
thrust, fuel flow, airflow, and body temperature 
were established after minor modifications of ex- 
isting methods. Work was initiated to develop 
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techniques for observing instantaneous effects, in- 
cluding wall static pressure and temperature, and 
flame and air velocities internally and near the 
tube entry and exit. 

A detailed discussion of the work done on these 
instantaneous measurements is beyond the scope 
of this paper. Attempts were made to apply vari- 
ous mechanical, electrical, and optical measuring 
devices to this engine. In most cases, application 
of existing techniques required extending the use- 
ful ranges. For instance, pressure pickups in com- 
mon use fell far short of the demands of this 
engine as concerned cooling for high heat transfer 
r ates. A second example was in hot wire anemom- 
etry for instantaneous velocity measurements, 
existing equipment failed at lower velocities and 
temperatures than those encountered in pulsating 
jet operation under even static conditions. Broad- 
ening of the applicability of these instruments to 
include this engine was a slow and difficult process, 
and advancements were modest at best. 

Engine Geometry - The effects of geometrical 
changes on performance were, on the other hand, 
very simple tasks experimentally, the difficulty 
being in establishing a rational theory to general- 
ize the test results. By fixing the type of valve and 
fuel injection system, it was possible to select the 
major diameter or approximate design static 
thrust value as the fundamental independent vari- 
able, and to test the effects of the other dimen- 
sions. The following conclusions resulted: 

(a) Below a certain “slenderness” ratio of total 
length to major diameter, operation could not be 
sustained. 

(b) Optimum ratio increased as maximum 
diameter decreased: the range of values of the 
ratio lay from 5 to 12, in diameters from 6 to 22 in. 

(c) Straight tubes or slight geometrical devia- 
tions therefrom were inferior for most types of 
valves tested. 

(d) Venturis just downstream of the valve bank 
were useful chiefly in shielding the valve flapper 
plates and in creating turbulence beneficial to 
combustion. 

Fuel Introduction - A limited amount of testing 
was done on varying the design and location of 
fuel injectors. In general, the information obtained 
was of value only when a given fuel under a fixed 
condition of preheat was specified. Data were ob- 
tained on a few types of fuel nozzles as follows : 

(a) Fan spray in a plane perpendicular to the 
engine longitudinal axis. 

(b) Linear and swirling cone sprays along axes 
parallel to the engine axis. 

(c) Discrete linear jets oblique to the engine 
axis. 

It was found, as might be expected, that section- 
wise distribution of the fuel jets in any given 
plane was critical for type (b), important for (c), 
and somewhat indifferent for (a). Limitations on 
the distance of the nozzle location downstream of 
the valve bank were not carefully studied, but 
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Fig. 3 - Side view of Schu- 
bert's pulsating jet engine 
utiliring acoustical air valve 
composed of tuned restrict- 
ing pipe 



effects on performance were small in the range 
from zero to about one-half the engine major 
diameter. Location of the nozzles from about one- 
half to one engine diameter upstream was satis- 
factory for fuels exhibiting low volatility and long 
ignition delay. 

Almost none of the questions of optimum fuel 
introduction design were definitely answered. De- 
signs for higher nozzle pressure at the same fuel 
fiow consistently yielded better performance due 
to atomization effects. Uniformity of distribution 
was also important. In spite of the limited amount 
of testing to date, the work done has had gratify- 
ing results primarily in the reduction of fuel con- 
sumption and secondarily in thrust improvement. 

Air Valves - Of the several work categories 
listed, that of valve design yielded effects which 
were larger and more significant than those of any 
other. Development work was directed at two 
principal objectives as follows: 

(a) To increase the effective open area of the 
valve bank in order to reduce pressure losses and 
to increase air capacity. 

( b ) To increase the effective valve life. (Thrust 
and specific fuel consumption deteriorated rapidly 
after about 30 min operation of the V-l engine, 
due to damage in the valve flapper plates.) 

In the recovery of the first intact V-l engines 
there was provided a definite starting point for 
mechanical valve developments in this country. 
The inefficient aerodynamic characteristics (Figs. 

5 and 6) and the short effective operating life were 
outstanding defects in this design. 

Work on the effect of seating adjustments of the 
valve plates in the original German design sug- 
gested ideas leading to the later work. By adjust- 
ments of the flapper plates, it was possible to pro- 
vide different values of the seating pressure of the 
1 dates on the grill, or to provide a gap between 
the two. As the seating pressure was reduced and 
the plates began to seat lightly or have a gap up 
to about 1 < in., the peak static thrust increased 
continually. Airflow measurements showed that 
air capacity increased in this direction, maintain- 
ing approximately constant fuel-air ratios and 
specific fuel consumption. With the thrust increase 
was found an increase in the fuel-flow range from 
idle to flood-out conditions. This confirmed beliefs 
that the tube of the V-l engine was not being fur- 
nished all the air it could draw in and handle, due 
to poor design of the valves. 

In the same tests, it was noted that lightly 
seated plates gave better life than those with onen 
plates. Considering the valve as a driven vibrating 


I Fig. 4 - Closeup view of Schubert’s 
▼ propane injector and tuned pipe 
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system, it was clear that the seating velocity would 
be greatest when the seating point coincided with 
the system’s neutral point. If valve failures were 
due, then, entirely to fatigue from repeated impact, 
the open-plate condition would have had lower 
seating velocities, lighter impact loads in each 
cycle, and consequently longer life. This was con- 
tradicted in the tests, and it was concluded that 
failures were due to impact fatigue and also flame 
leakage upstream through the seats. 

From the indication of air-capacity improve- 
ment came a series of valve redesigns. This work 
was intended to increase the open area associated 
with each flapper plate and its backing grill, and. 
to increase the number of flapper plates feeding 
air to a given cross-sectional area. To achieve the 
latter effect, the plane grill was “dished” into vari- 
ous concave and convex geometries, including 
shallow and deep rectangular boxes, truncated 
cones, and truncated cones concentrated within 
one another. The thrust increases due solely to 
valve redesign can be safely set at a minimum of 
50 to 75% improvement in peak static thrust, and 
w’ere obtained by increasing the effective open 
area through the valve system from about 20 to 
50 % of the cross-section. Again, turbulence played 
a prime role here. In some valve designs, the open 
area was as high as 80 % with no improvement in 
thrust, apparently due to a lack of the proper 
turbulent conditions. Little or no use was made 
of the existing knowledge of turbulence in dealing 
with this problem. Conseouently, improvements 
have been considered significant, but well below 
those to be reasonably expected as possible. 




5 - Upstream face of P J ~ 3 1 valve bank showing rubes for fuel 
and starting air injection 


Concerning valve life, recognition of the causes 
■ f failure led to effective steps along lines to in- 
crease the useful operating period as follows: 

• a i By providing a soft grill seat to reduce im- 
pact of the plates in closing and to inhibit flame 
leakage forward. ( This was accomplished by coat- 
:ng the seats with neoprene abo <t 0.015 in. thick.) 
This work was done at the Cleveland Laboratory 
. f the NACA. 

ib) By separating the effects of heat and im- 
pact by a sandwich design of valve in which the 
inner plate takes most of the impact and the outer 
(late most of the heat. (See Fig. 7.) 

i c ) By geometrical design such that valve 
plates operate cold, combustion pressures being 
applied through small cushions of cold air. 

id) By geometrical design such that the ampli- 
tude of valve-plate motion and, consequently, seat- 
ing velocities were reduced. 

It is noteworthy that metallurgical methods 
were not prominent in this work, perhaps through 
neglect. Most of the successful work was accom- 
plished with the use of stainless and spring steels. 

In contrast to the starting point of about 30 
min. effective valve operating life was extended to 
several hours. Designs for life from 6 to 10 hr 



Fig. 6 - Downstream face of PJ-31 valve bank showing closed flapper 
plates, fuel nozzles, and air nozzles 'adjacent to upper fuel nozzles 


were realized. Workers in this field enthusiasti- 
cally viewed the possibility of putting this prob- 
lem on the “25-hr check” basis. 

In passing, it is interesting to mention valve 
constructions not incorporating the metal-spring 
principle. Reference to the valveless engine of 
Schubert has been previously made. Another suc- 
cessful construction was that using a simple rotat- 
ing butterfly tuned to the engine frequency. (See 
Fig. 8.) Both engines exhibited very long useful 
operating periods. The latter engine exhibited 
good thrust and specific fuel consumption but has 
required a synchronous electric motor as a drive. 

Fuel Studies - A series of preliminary tests was 
performed to study the effects on performance of 
various fuels with widely differing properties. 
Contemporary engines exhibited peak combustion 
pressures of the order of about 2 to 2.5 atmos- 
pheres abs, as compared to ideal constant-volume 
values of about 9 to 10 atmospheres at correspond- 
ing precompression and fuel-air ratios. It was 
reasoned that, for a fuel exhibiting a given overall 
rapidity of heat release, the peak pressure ob- 
tained would be determined by the effective inertia 
of the column of gas. The degree of the gas col- 
umn’s tendency to remain at rest as combustion 
pressure was applied to its boundary common with 
the combustibles, was seen to control the degree 
to which the volume of combustibles increased as 
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heat was released and combustion pressure rose. 
Conversely, with given gas column inertia re- 
straint, the peak pressures were expected to in- 
crease with rapidity of heat release. 

With these general ideas as a guide, a consider- 
able number of fuels and fuel additives was tested 
and compared to 62-octane fuel chosen as a norm. 
Reciprocating engine fuels were tested in a range 
from 100 % cetane to 120 octane. Kerosene, ben- 
zene, methyl and ethyl ether, propane, and a vari- 
ety of related compounds were tried. One worker 
reported tests on addition of nitroglycerine to 
gasoline. Generally, the program was designed to 
probe out expected large effects and determine the 
fuel properties causing them. In this sense, the 
program was negative; improvements were barely 
discernible in the shadow of experimental errors, 
which were held within a very few per' cent. A 
few significant facts discovered are as follows: 

(a) The pulsating jet engine of contemporary 
design ran on almost any common fuel with neg- 
ligible variations in performance. 

tb) Physical and chemical properties of fuels 
affecting operation of diesel and otto cycle engines 
had no marked effect on the pulsating jet engine. 
Principal differences were in the degree of body 
heating and in the rapidity of valve destruction. 

(c) Nitropropane gave about 2 0% improve- 
ment in thrust with about a 100% increase in 
specific fuel consumption. Favorable comparisons 
at altitude, expected on the basis of the oxygen 
content in the fuel, were not realized. 

fd) Changing from liquid to gaseous fuels was 
possible by minor changes in fuel injectors. 

Thrnrii - Theoretical studies of pulsating jet 
operation were begun in the spring and summer 
of 1911. and by late 1944 reports from the Na- 
tional Advisory Committee for Aeronautics and 
from some private companies had appeared. In all 
these reports, the assumption was made that the 
entire tube was filled with combustibles and burned 
under constant-volume conditions. These studies 
were made with an almost complete lack of sup- 
porting experimental data; unfortunately, the 
assumptions made were in violent disagreement 
with operating conditions, and the calculated per- 
formance also showed disagreement to a similar 
degree. This early work was valuable, however, in 
laying a foundation for later work. 

A subsequent analysis by N. P. Bailey and H. A. 
Wilson was benefited by the availability of limited 
test data. These studies made quantitative esti- 
mates of the effects of heat release rates as dis- 
cussed in connection with fuels. Further analyses, 
and empirical data as they slowly became available, 
made possible the rather advanced calculations by 
a group at New York University under the direc- 
tion of Prof. R. Courant. 

3 See "On Effectiveness of Various Modes of Detonation or Combustion. *’ 
Published by Institute for Mathematics and Mechanics. New York Univer- 
sity, New York City, February, 1946. 

4 See "Gas IH-namical Formulation for Waves and Combustion in Pulse 
Jets." Published by Institute for Mathematics and Mechanics, New York 
University* New York City, June, 1946. 


The earlier of their reports- concerned itself 
with the application of modern gas dynamics to 
the prediction of impulses resulting from detonat- 
ing and burning the combustible mixture in several 
different ways. The studies made were valuable 
not only in casting serious doubts on previously 
unquestioned ideas of detonation effectiveness in 
this engine, but also in leading directly to the 
formulation of new and more important optimum 
problems in combustion. These will be discussed 
in a later part of this paper. 

The latter of these reports 4 was an attempt to 
provide an accurate and yet tractable mathemati- 
cal treatment including the effects of all importan’ 
engine phenomena then known. It is yet too early 
to judge the importance of this contribution be- 
cause of its recent issue and because its value is 
in direct proportion to the availability of funda- 
mental empirical data. 

A comment is in order at this point to indicate 
the effect of the accompanying difficulties on the 
development of pulsating jet theory. By comi pri- 
son to steady-flow devices, these difficulties were 
very great. One was the fact that nonlinear oscil- 
lation problems were involved. A second difficulty 
lay in the inability of the existing physical under 
standing of gas dynamics to predict for mar.v 
empirically unfamiliar situations the occurrence 
of shock and detonation waves. These were r!’ 
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Fig. 7 - Sketch of sandwich-type arrangement of 
flapper plates 



two of several real and ever-present obstacles 
along the path to a theory of engineering value. 
These difficulties, and their consequent delay of 
the development of the theory, have placed this 
work on a slow, empirical basis as compared to 
the steady-flow engines, where general theory and 
correlated detached experimentation have greatly 
accelerated progress. 

Present Status 

Knowledge of Present Phenomena- Certainly, 
with any such engine whose realized performance 
is low relative to its possibilities, detailed knowl- 
edge of the physical mechanisms of its operation 
comprises an important part of the present state 
of the art. 

Characteristic of this engine type is the fact of 
pulsation. The frequency spectrum of emitted 
sound from a small experimental engine (Fig. 9) 
shows that the fundamental and both odd and 
even harmonics are prominent. The even har- 
monics may be expected because the valves are 
open during a part of the cycle, and this end of 
the tube acts as a velocity loop and as a node. 
With the choice of a reasonable average tempera- 
ture. the fundamental frequency is closely approxi- 
mated by formulas for either the quarter-wave 
organ pipe or the Helmholtz resonator - use of the 
latter requiring a rather unnatural choice of capac- 
itance and inertance. Clearly, simple acoustical 
resonance is only a crude description of the opera- 
tion of this engine. 

Valve-motion studies of the same experimental 


engine (Fig. 10) emphasize the relatively small 
open area of the valve bank as compared to its 
total area. Furthermore, the valves are closed 
during about one-half of each cycle (Fig. 11), 
profoundly affecting the aerodynamic design of 
the inlet diffuser. 

A plot of wall static pressure against engine 
length at various ram pressures (Fig. 12) throws 
more light on the pulsations and on the valve aero- 
dynamics. The average static pressures are posi- 
tive at the forward end, indicating that the corre- 
sponding instantaneous pressure loop must swing 
farther above atmospheric than below; this con- 
dition cannot, of course, be deduced by ordinary 
acoustical reasoning. Further, the average pres- 
sures at this end are rising much more slowly than 
the ram, indicating unduly high losses in ram pre- 
compression across the valve bank, and possibly 
also poor combustion at higher rams. 

In spite of the measurement difficulties, it is 
possible to plot (Fig. 13) the pressure-time dia 
gram of the combustibles with some degree of 
accuracy. High velocities, instantaneously of the 
order of 1500 fps, of the tailpipe gases cause the 
combustibles to expand about 5 psi below atmos- 
pheric pressure. This causes simultaneously the 
induction of fresh air through the valves and also 
a complete reversal and forward flow of the tail- 
pipe gases. This forward flow is at least partially 
responsible for the small precompression of about 
2 psi preceding combustion of the new charge as 
indicated by the plot of single-explosion pressure 
in Fig. 13 under static conditions. 



Fig. 8 - Rotary butter- 
fly-valve engine with 
synchronous motor drive 


184 


125 


125 


Fig. 9 - Frequency anal- 
ysis and total intensi- 
ty of sound emitted by 
6- in. -diameter engine 
operating at peak thrust 




The back-flow condition is quite marked. A test 
was made in which a tracing powder was sifted 
into the jet of a running engine at the exit plane. 
On studying the tube after shutdown, it was found 
that the tracing powder was deposited on the tube 
walls for a distance of two to three diameters 
upstream of the injection plane. Apparently, then, 
at low forward speeds approximately as much 
fresh air enters through the tail exit during each 
cycle as through the valves. This mass of air 
augments the mass of air accelerated and increases 
the tailpipe inertia effects partially responsible 
for the precompression and combustion pressure 
buildup. If not properly controlled, its effects on 
thrust at increasing forward speed will be detri- 
mental. Furthermore, data taken at high rams in 
which air is ducted only to the valves and not to 
the engine’s exterior will be optimistically incor- 
rect since the backflow will be more favorably fed 
with static air. At speeds of 300 to 400 mph at 
sea level, the effect on gross thrust may be esti- 
mated at about 20 to 40%. 

Combustion phenomena in this engine are but 
poorly known and understood. Flame studies were 
made as one of the optical observations mentioned 
previously by the use of high-speed motion picture 
cameras photographing perforated metal and 
glass-walled engines. Some of these observations 
are shown in Fig. 14 and seem to indicate that 
the fresh charge is ignited in the mid-region of 
the engine combustion chamber. That the charge 
is in condition to burn seems due to the fact that 
the fresh air is drawn through the valves into the 
fuel spray just behind, and subsequently flows 
along the straight section toward the cone, during 
which period there is time enough for atomiza- 
tion and mixing to occur. As the downstream 
boundarv of the combustibles travels into the cone, 
the hot tailnipe gases have been caused to reverse 
their direction and flow upstream into intimate 
contact with the fresh charge. Ignition seems to 
occur at the boundary and propagate forward and 


inward from the walls where residual hot gases 
collect in the dead-water regions behind the ven- 
turis. Clearly, the flame propagation is three 
dimensional; however, the one dimensional plot of 
Fig. 14 is probably valid for the nonburning gases 
The important feature of this plot is that the 
boundary between burning and nonburning gases 
has been sharply accelerated aft before burning is 
complete, showing the inertia effects of the tail 
gases on combustion pressure buildup. 

The influence on test stand performance of all 
these effects is shown in Fig. 15. These are even 
more vivid in the thrust variation with Mach num- 
ber in Fig. 16. This is a plot of early German test 
results on the V-l on which little or no work was 
done to correct at high speeds the inefficient aero- 
dynamic character of the early air-inlet valves of 
the diffuser designed for steady flow, or to over- 
come the loss of tailpipe augmentation. The thrust 
variation with altitude (Fig. 17) at constant indi- 
cated air speed also shows these effects. 

Best Performance - Comparison of present per- 
formance levels to early levels shows the results 
of the work done to date. Table 1 indicates the 
best known figures for the separate items of static 
performance. 

It should be noted carefully that these values 
do not necessarily correspond with those of any 
single engine, but are the best figures known for 
the separate items. Almost without exception, 
however, engines exhibiting the best or nearly the 
best of the single items have also shown in the 
other items substantial improvements which 
closely approximate the figures quoted. 

Future Prospects 

Problems and Trends - Considerable emohasis 
has alreaclv been laid on problems, the partial solu- 
tion to which has been responsible for the con- 
siderablv greater performance cited above. Future 
work should go forward in clear view of these 
problems, of their perspective as well as of their 
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Fig. 10 - High-speed 
motion pictures of flap- 
per-plate motion graph- 
ed in Fig. 1 1 


details. In the order to which a degree of progress 
has been made in their solution, the more impor- 
tant may be listed as follows : 

J.. Air-intake valve design. 

2. Combustion. 

3. Tailpipe phenomena. 

Valve Design - Progress due to valve redesigns 
has been marked, as noted previously. Further 
work along the same lines is indicated since the 
most effective present designs allow an open pas- 
sage of only about 50% of the projected area. 
Furthermore, each of the many passages through 
a valve bank presents to the incoming flow un- 
faired blunt metal edges, and to the departing 
flow an abrupt change in cross section whose 
boundary is the sharp edge of the valve flapper 
plate. The argument is advanced that the turbu- 
lence so produced is essential for combustion. How- 


ever, the cost in pressure losses for this turbulence 
is exorbitantly high, as can be seen in the poor 
pressure recovery with increasing ram pressures. 
(See Fig. 12.) Consequently, new designs are 
needed which admit larger quantities of air and 
simultaneously impart, with minimum pressure 
loss, the proper scale and intensity of turbulence 
for optimum flame propagation. It would seem 
that this duality of purpose of the valve bank 
would lead to inefficiency in each action; conse- 
quently, it is suggested that the valves themselves 
be designed for the former purpose only and in 
such a way that their open area is 80% or more 
of the section. Then other means should be pro- 
vided to create the necessary turbulence with 
smallest possible losses. 

Combustion - The combustion problem remains 
almost untouched experimentally except for fuel 
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introduction measures intended to eliminate gross 
wastes of fuel due to lack of participation in com- 
bustion. In fact, formulation of the problem is not 
yet definitely outlined. 

Consider a slender straight tube closed on its 
forward end. A small fraction of the length, mea- 
suring aft from the closed end, is occupied by a 
combustible mixture of fuel and air (Fig. 2) ; the 
remainder of the length is occupied with air and 
inert products of combustion. It is desired that 
thermal energy from burning the combustible mix- 
ture be transferred to the entire gas column and 
be manifest ultimately in the form of kinetic 
energy of translation. Moreover, it is desired that 
the processes of extraction of the thermal energy 
and of its transformation to mechanical energy 
proceed with the least possible losses. Obviously, 
both thermodynamic and aerodynamic considera- 
tions are necessary as regards addition and extrac- 
tion respectively, since the “piston” in this engine 
is a column of air. For example, from thermal 
considerations alone, the heat should be added to 
the combustibles under constant volume condi- 
tions; this would result in a momentary condition 
of a pressure differential of several atmospheres 
across the interface between the burning and inert 
gas columns. As an aerodynamic consequence, the 
extraction and transformation process would go 
forward irreversibly and with losses due to severe 
shock waves emanating from the plane of the pres- 
sure discontinuity. For the simple case considered, 
optimum conditions of heat addition and extrac- 
tion are mutually self-exclusive. Suppose that heat 
is added so that the volume of combustibles is in- 



TlME , SECONDS 

Fig. 11— Plot of open valve area against time for 
typical small experimental engine, showing that 
valves are closed during about half of each cycle 


Table 1 - V-1 Engine 

1944 and Prior July, 1946 

Thrust per Unit Major Cross-Sectional Area, psf 250 570 

Specific Fuel Consumption, lb per hr-lb 4.0 2.6 

EffectiveValveLife.hr 0.75 7.0 and up 


creasing during heat addition; then the aerody- 
namic extraction is proceeding more, and the 
thermal addition less effectively. Many modes of 
this process may be formulated; a limited ana- 
lytical treatment of a few of these modes has been 
mentioned.'* Unquestionably, a great amount of 
carefully coordinated theoretical and experimental 
work remains to be done before even a partial solu- 
tion to this problem is achieved, before the pos- 
sible advantages of this engine’s cycle over the 
cycle of the steady-flow engines begin to be ex- 
ploited. 

A number of development trends have been pro- 
posed; these come forward from the conviction 
that presently realized pressure ratios of about 
two or three atmospheres can be raised in practice 
to six or seven of the ten atmospheres ideally pos- 
sible, and with an improved efficiency largely over- 
shadowing the shock effects mentioned. Among 
these proposals was that of using fuels with pro- 
knock and similar characteristics, as previously 
mentioned. Others are: 

(a) Use of artificial ignition timed by the en- 
gine pressures, causing ignition at one or more 
points in the charge so as to achieve faster overall 
heat release. 

(b) Use of traveling flame and detonation 
fronts to achieve precompression in the unburned 
portion of the charge. 

(c) Use of timed intermittent fuel injection, as 
opposed to the present continuous injection, to 
eliminate rich, slow-burning regions of the charge. 

(d) Control and promotion of turbulence to 
achieve higher apparent flame speeds and greater 
release rates. 

(e) Use of faster-closing valves to eliminate 
combustion pressure losses upstream through the 
valve bank. 

All such developments could be more realisti- 
cally evaluated and pursued, however, if the pres- 
ent “natural” mode of ignition and flame spread 
were well known and understood. 

Tailpipe Effects - Reference has been made to 
the effects of the gas column inertia in the tailpipe, 
namely, in causing a slight precompression of the 
combustibles, in causing combustion pressure rise, 
and in causing the induction in each cycle of a 
fresh charge of air into the tail. In addition to 
the inertia effects, the distributed elasticity or 
softness of the gas column is also significant. The 
oscillatory motion of this column is inherent in 
the pulsating jet and not normally encountered in 
the steady-flow engines; consequently, the fullest 
use of the effect should be made. 

The problem itself may be stated simply: It is 
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WALL STATIC PRESSURE VS. LENGTH 


Fig. 12 -Wall static pressure ver- 
sus engine length of Pj-31 at vari- 
ous ram pressures 


desired to intensify all the known effects of the 
tail gases, since they are beneficial. A qualification 
need be made only as regards the method of intro- 
duction of fresh air to the tailpipe. The present 
method, that of drawing air from the free stream 
surrounding the tailpipe, is not satisfactory, espe- 
cially as forward speed is increased, since the cost 
is high in energy and momentum to reverse the 
free stream and cause it to flow forward in the tail. 

In order to accomplish these objectives, it is 
suggested that the tailpipe be fed fresh air through 
suitable ports in the engine tube from some point 
on the engine or aircraft where the flow is un- 
desirably stagnant, such as the following: 

(a) At a point where boundary layer buildup is 
excessive. 

(b) Through ducts designed to relieve stagna- 


Fig. 13 - Plot of cyclic com- 
bustion pressures against 
time with superimposed 
single explosion in P) -3 1 
engine 
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Fig. 14 -Flame motion versus time in PJ-31 engine 


tion pressure on the valve bank when the flappers 
are closed. 

(c) At points on the intake duct lips where 
stagnation is undesirable. 

Performance Possibilities - In most types of 
heat engines, including complete propulsive sys- 
tems, it is possible to calculate theoretical effi- 
ciencies and outputs by means of idealized thermo- 
dynamics and fluid mechanics; realistic appraisals 
of losses may be made by resort to other analyses 
and to empirical data. In this way, the develop- 
ment engineer is able to make a good estimate of 
the upper performance limit of his engine, and by 
reference to the realized performance, he is then 
able to adjust intelligently the direction and in- 
tensity of his efforts. As previously mentioned, 
the difficulties in making these analyses for the 
pulsating jet engine are very great. While excel- 
lent work has been done along these lines, the 


available estimates are much less reliable than 
those for the steady-flow propulsive systems such 
as the turbo-jet. 

However, by careful screening and study of the 
available theoretical and empirical data, and with 
the inevitable resort to intuition concerning the 
degree of solution possible for the several develop- 
ment problems, an estimate of possible static per- 
formance, Table 2, can be made with some degree 
of assurance. 

The purely speculative estimate above is based 
on an anticipation that present work on tailpipe 
effects will be successful, that the pressure ratios 
measured in single-pulse combustion in tubes can 
be realized in continuous operation, and that the 
air-capacity improvements indicated by late de- 
signs will be extended to the ultimate. The figure 
for fuel consumption follows after a number of 
conservative assumptions are made regarding the 
character and magnitude of thermal energy losses. 

Applications - A number of uses for this engine 
suggest themselves because of its outstanding 
inherent advantages in design and performance : 

1. The mechanical design is by far the simplest 
and least expensive known for operation statically 
and at forward speeds up to well in excess of half 
sound speed. Present and contemplated designs 
do not require specialized high temperature alloys 
or expensive machining operations. 

2. Starting, throttling, and shutdown are de- 
pendable and easy to effect; a simple ignition sys- 
tem is required only for starting; control is depen- 
dent only on fuel flow and not on external gov- 
ernors or other auxiliaries. 

3. Any common liquid fuel may be used without 
redesign or change in parts and without noticeable 
performance variation. 

4. Dry weight is favorable in comparison to all 
air-consuming engines throughout a wide speed 
and altitude range. 

Pertinent to this discussion are the undesirable 
features of present designs, as follows : 

1. The fuel consumption is relatively high, the 
best figure to date being about 2.6 lb per hr-lb 
under static conditions. 

2. Noise and vibration in operation are unpleas- 
ant though not generally dangerous or destructive. 

3. Operating life of the valve elements is short. 

These features are, however, subject to elimina- 
tion or great reduction in degree of undesirability. 
Consequently, applications may be contemplated 
on the basis of present designs or on those to be 
reasonably anticipated in the near future. 

As a principal source of propulsion, the pulsat- 


Table 2- Best Realized and Estimated Possible Performance 


Best Realized 
Performance 


Overall Air Fuel Ratio 25 to 35:1 

Pressure Ratio 2 to 2.5 

Thrust Per Ma|or Cross-Sectional Area, psf 570 
Specific Fuel Consumption, lb per hr-lb 2.8 


Possible 
Performance 
50 to 60:1 
4 to 5 
800 to 900 
1.5 to 1.9 



Fig. 15 - Performance plot for typical small experi- 
mental engine. Air-fuel ratios are based on air 
admitted through valves only and not at tail exit 
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Fig. 16 -Early Cerman aerodynamic data showing 
detrimental effects on net thrust of poor aero- 
dynamic design of completed V-1 engine 


ing jet is outstandingly suited to most types of 
pilotless aircraft, including those useful for mili- 
tary application, for transport of mail, and for 
flight research. As a sidelight, the avocational 
pursuit of model aircraft construction may be 
mentioned. 

Studies of the design of helicopters with jets at 
the blade tips have been encouraging. The pulsat- 
ing jet is especially interesting because of its high 
performance in a wide range of speeds, including 
static conditions, and because of its independence 
of the need for a mechanical compressor at the 
hub. A suggestion has been made that multiple 
short units be placed at the tips and be fed with 
air scooped in either at the tip leading edge or 
at the hub and carried through hollow blades to 



the tips. Several mechanical designs are contem- 
plated, and these give promise that this applica- 
tion will be even more attractive than those for 
conventional aircraft. 

A helicopter powered in this way has several 
advantages over the designs using reciprocating 
engines. Elimination of the heavy engine and its 
gearing to the blades would result in great savings 
in dry powerplant weight, in space, in first cost, 
and in maintenance cost. The absence of the large 
torque transfer from the rotors to the fuselage 
would reduce structural weight and possibly obvi- 
ate the necessity for the tail rotor. While fuel 
consumption would be higher on the basis of power 
oelivered, the power required for the same per- 
formance in speed, climb, and payload would be 
much reduced. Furthermore, since use could bo 
made of the least expensive fuels known, the oper- 
ating cost for equivalent performance might be 
quite favorable. Undoubtedly, the promise for this 
application is sufficient to warrant serious effort 
in design studies and experimental constructions. 

This engine is also well qualified for application 
to gliders in order to eliminate the present launch- 
ing problems and to lend flexibility to flight and 
landing procedures. Aerodynamic inefficiency in 
the soaring condition due to the engine’s presence 
could be reduced to a negligible amount by simple 
aerodynamic and mechanical design. 

As an auxiliary powerplant for conventional 
aircraft, the pulsating jet may render service in 
a variety of ways. Consider the typical single- 
engine light aircraft in which engine failure is one 
of the primary hazards at least in the mental 
sense. In such aircraft, the pulsating jet could be 
installed, perhaps as an integral part of the load- 
carrying fuselage structure, so that it could be 
quickly started in an emergency. A relatively small 
and light engine could provide thrust enough for 
speeds of about 15 mph above stall speed for con- 


siderable periods. Noise levels of present designs 
would probably restrict usefulness to emergency 
conditions, although when effective muffling is 
achieved, the applicability could be broadened to 
include power boosts for take-off from short or 
muddy fields or for over-loaded conditions. The 
possibility also exists that, with simple mechanical 
design, the thrust could be reversed in direction 
to effect speed reduction for landing in small fields. 

In passing, it is interesting to speculate on ap- 
plications other than the propulsion of aircraft. 
The Swiss have developed a blowerless heating 
unit which operates on pulsating jet principles. 
The prospect exists for the incorporation of one 
or more small pulse tubes in aircraft gas turbines 
for starting by directing the jets into the turbine 
blades. Others may be mentioned which go afield 
even further from our subject. 

Conclusion 

An attempt has been made to outline with per- 
spective the basic concepts of the pulsating jet 
engine, the work done to date, and the problems 
of development as they appear at this time. While 
this paper leaves much to be desired in achieving 
those ends, it is hoped that the framework drawn 
will be useful in assembling further information, 
past and future. 

Past work on this type of engine, both abroad 
and in America, has been such that the results to 
date are of only preliminary importance. Barely 
a start has been made on the sizable improvements 
expected, and the field is almost incomparably rich 
in possibilities for creative endeavor, in the expla- 
nation and control of physical effects, in the con- 
ception of new mechanical designs, and in adapta- 
tion to propulsion of several types of aircraft. Per- 
haps the greatest challenge lies in the possibility 
of attaining high performance levels with an en- 
gine of such extreme simplicity and flexibility. 
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Fig. 17 -Altitude per- 
formance at constant 
indicated air speed for 
early experimental en- 
gine 
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V p o 

Figure 7.- Values of the effective thrust coefficient Z for a 
vessel periodically discharging from high pressure. 
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Pulsating Jet Engines — A Survey of the Development of Ignition 

By P. Schmidt. (From Zatschrift des VDI y Vol. 92, No. 16, June 1, 1950, pp. 393-399, 14 illustrations.) 


A characteristic feature of the pulsating jet engine is 
the automatic ignition which is propagated through the 
combustible mixture as a flame front of very high 
velocity. Work on the development of this type of 
ignition — about which little has been published — was 
started in 1931 in an attempt to solve the problem of 
pulsating high frequency combustion at constant volume 
in tubes open at one end. For this purpose, rates of 
flame propagation far in excess of those occurring in 
internal combustion engines were required. 

Single ignition experiments were based on 
Wendlandt’s finding that detonation of normally non- 
detonating gas mixtures could be induced by hard 
shock waves. A small volume of a volatile liquid fuel, 
such as ethyl ether, was added to the explosion chamber 
a (see Fig. 1), compressed air of 5 atmospheres was 
blown in, and the mixture was ignited by sparking 
plug e. The explosive blast fractured cellophane 
diaphragm c, initiating a shock wave in combustion 
rube b filled with the combustible mixture. Under 
suitable conditions, detonating combustion was ob- 
tained with a variety of fuels. 
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Fig. 1. Equipment for thock w*v« experiment*. 

(i) Explosion chxmbcr ; (d) piper duphrmgm ; 

(b) combustion tube ; (e) spiriting plug, 

(cl cellophane diaphragm ; 

The effect was similar when the initial shock — the 
bursting of the cellophane diaphragm — was caused by 
the introduction of a compressed non-burning gas 
mixture into chamber a. Although, on expansion, the 
temperature of the compressed gas tended to drop very 
low, ignition was obtained as long as the pressure had 
been above a cnticai value. Careful consideration led 
to the conclusion that detonation could have been 
caused only by the shock wave. The efficiency of 
energy’ transformation in these experiments with tubes 
open at one end was determined as 70 per cent. 

In the next stage of development, single igniting 
shock waves were produced mechanically by a free 
piston arrangement. This was followed by the periodi- 
cally operating device shown diagrammatically in Fig. 2. 
Ports b permit the combustible mixture to enter cylinder 
a . Free piston e moving to the right forces out the 
portion of the mixture not required for ignition through 
flap valves d into the combustion tube (not shown) to 
the right of the small opening /. On further movement 
of the piston to the right, the mixture trapped in the 
cylinder is compressed adiabatically to self-ignition 
temperature. The sudden rise in pressure forced a 
shock wave through opening /, causing the ignition in 



Fig. 3. Cylindrical experimental tube 
with pressure pick-ups located at 1 
to VI. 

the tube to the right of the opening, 
and also returned the piston to its 
initial position. 

It was found in 1937 that in pul- 
sating tube operation under suitable 
conditions, ignition was automatic, 
so that the apparatus for producing 
shock waves was no longer required. 
However, it was important for auto- 
matic pulsating ignition that the 
area of the combustion air intake 
and the sectional area of the ex- 
haust end of the tube should be 
carefully related. With a tube shown 
diagrammatically in Fig. 3, pressure 
oscillograms were taken at several 
points. They arc reproduced in 
Fig. 4. It can be seen that the ex- 
plosive pressure wave (line a) is 
-fresh bac * at the tut * end as 

mixture suction wave b . This depression 
is followed by a short, but very 
VALVt steep, pressure rise, which at point t , 
hits the front of new combustible 
mixture, starting combustion im- 
mediately. A new small shock wave 
(c) is initiated. 

The pulsating jet tubes used in these early experi- 
ments (described here for the first time) had only a 
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Fig. 2. Pulsating ignition apparatus. 

(a) Cylinder ; (d) flap valves ; 

(b) intake ports ; (e) free piston ; 

(c) exhaust ports ; (0 opening. 



moderate output, operating at maximum pressures 
between 2-5 and 3-5 atm. Later on, tubes of about 
500 mm diameter operated continuously with maximum 
pressures of 5-6 atm. abs. The performance of these 
rubes was almost entirely independent of the fuel used. 
The rube diameter could be varied between 10 and 
600 mm, and the shape of the tube, cylindrical or barrel 


type, straight or coiled, or the method of mixture 
formation, had no influence. Ignition was extremely 
reliable and was not stopped by considerable deforma- 
tion of the tube or severe damage to valve or rube wall. 
Operation was not impaired by moderate static pressures 
at the exhaust end and can take place at considerable 
altitude. 
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Pulse -Jet Possibilities 


A MOST interesting letter has been received from a German 
engineer, Herr Jos. Reder, whom many regular readers 
will remember as the author of a provocative article in The 
Aeroplane for December 22, 1950, on the potential applica- 
tions of pulse-jets as a means of aircraft propulsion. In his 
most recent letter, which is printed full length hereafter, Herr 
Reder makes a critical review of the Escopette pulse-jet and 
continues with a discussion on pulse-jets. 

He has studied with great interest our description of the 
Escopette pulse-jet in k ‘ Power Plants on Show ” (Paris Aero 
Show, The Aeroplane, June 22, 1951, pages 771-772). 

Obviously, he writes, there must be something wrong with 
the given fuel-consumption figures of 2 to 5.5 grams/kg. 
thrust/sec. The specific fuel/thrust per hour would thus be 
7.2 to 20 kg./kgp./hr. (7.2 to 20 lb, /lb. thrust/hr.) which is far 
too high and absolutely out of the question in comparison 
with any other conventional turbo-jet power plant of about 
1-1.2 kg./kgp./hr. (Pimene and Palas turbo-jets). On the other 
hand, the second figure of 0.33 lb. /lb. /hr. is far too low for 
such pulse-jets. 

Most probably the gross fuel consumption of the single pipe 
is 2 to 5.5 grams/sec., and with this figure the specific fuel 
consumption would be 2.4 to 2 kg./kgp./hr. (2.4 lb. to 2 lb. /lb. 
thrust/hr.) with thrust variation from 3 to 10 kgp. (6.6 to 22 lb. 
thrust). This is quite possible if compared with the famous 
V.l pulse-jet AS14 which had a very bad economy and used 
about 3 to 4 kg./kgp./hr. 

These observations by Herr Reder are of great interest for 
the reason that another and independent French source gives 
the specific fuel consumption as 1.8 kg./kgp./hr. (1.8 lb. /lb. 
thrust/hr.) for the Escopette compared with the figure given us 
at the Aero Show. 

A table, worked out by Herr Reder, of jet propeller develop- 
ments, shows that the Paris Aero Show Escopette is 
not the “ dernier-cri ” in pulse-jet development. In the years 
1943-45 quite a lot of different pulse-jet couplings were tested 
and the one shown in Fig. I (resembling very much a double 
“ Escopette **) had about 35 to 55 per cent, better specific 
fuel/thrust consumption, 1.2 to 2 kg./kgp./hr. (1.2 to 2 lb. /lb. 
thrust/hr.). The coupling of the inlet-valve-pipes alone 
increased the thrust about 20 to 30 per cent, and the outlet 
coupling, together with proper cowling, gave a further improve- 
ment of 15 to 25 per cent. 

The figure shows that each single pulse-jet loads each other 
one (in inlet and outlet) if resonance speed frequency is hit. 
That means, that exactly the right ratio of pipe lenghts 
(L,/L 9 =I/8 to 1/12) and the right diameters of the different 
pipes must be kept and the cowling volume must be in proper 
proportion to the volume of a single pulse-jet-pipe (about 
2 or 3 times as much). 

The double Escopette with a specific fuel/thrust consumption 
of about 1.2 kg./kgp./hr, (1.2 lb. /lb. thrust/hr.) comes very near 
to the economy of the current small turbo-jets like the Pimen6 
or Palas, which is pretty good considering the fact that the 
pulse-jet costs only a fraction of the complicated turbo-jets. 
Of course, Herr Reder writes, there is still that ugly noise 
which shakes one’s teeth out of their sockets. 

But he contends that this horrible noise can be minimized, 
if ultra-high gas swingings (i.e., ultra-high frequency surging) 


in very short pipes arc utilized and the whole pulse-jet unit is 
put into the hub of a hollow single-bladed airscrew, blowing 
out through tip orifices. 

Such pulse-jets (re-jet) would only work if the fuel is pre- 
pared by high pressure and heat for instant ignition (detona- 
tion) in spherical combustion chambers. (Panzerfaust Effect.) 
In any fast-runrjing airscrew very high pressure is available 
through centrifugal forces and fraction heat of flowing gases 
can be recuperated for fuel-preparing. (Presumably this 
means that the heat of the exhaust gases can be used to pre- 
heat the fuel.) Thus, well over tw’ice as much heat energy 



Fig. 2 

can be utilized out of normal low octane fuel and plain water 
in pulse-jet propellers as would ever be given oil by the 
improved double Escopette with its long pipes. 

Model tests with small Jetex-propellers (with solid fuel 
charges of high specific fuel/thrust ratios) have proved that 
it is quite possible to improve the specific fuel/thrust con- 
sumption to about 7 times that of the direct rocket drive 
(from 29 to 4 kg./kgp./hr., 29 to 4 Ib./lb. thrust/hr.) at about 
half the specific propeller-weight/thrust ratio (from 1-0.7 to 
0.4 kg. /kgp. (lb./lb. thrust)). 

The figures with a Dyna-jet propeller would be much better. 
The specific consumption is about 0.3 kg./kgp./hr. 
(0.3 lb./Ib. thrust/hr.) at static thrust, with single-bladed air- 
screws of about 0.8 metre (31.5 in.) diameter. The weight/ 
thrust ratio is only 0.3 to 0.35 kg./kgp. (Ib./lb. thrust) at 
the very low thrust/propeller area ratio of about 30 ken./m. 2 
(6 lb. thrust/sq. ft.). 

The top of all these “ Jetteries ” would be the re-jet-tunnel- 



Fig. 1 


propeller, or ducted-fan puLse-jet, with 
a take-off fuel/thrust consumption as 
low as 0.08 kg./kgp./hr. (0.08 lb./lb. 
thrust/hr.), which is far better than any 
turbo-jet will ever have and is only about 
twice as much as that of a piston engine 
of equal power (Fig. 3). 

The ratio of propeller-weight to 
take-off thrust of about 0.12 kg./kgp. 
(0,12 lb./lb. thrust) would also surpass 
any conventional power-plant at the 
same take-off thrust. Even at cruising 
speed with about 0.52 kg./kgp. 
(0.52 lb./lb. thrust) the re-jet propeller 
would compare favourably with a Palas 
turbo-jet, because it would cost only a 
fraction (about 1/10 to 1/15) of the much 
too complicated turbos; also the pulse-jet 
is much easier in maintenance. 

Not only does the tunnel serve as a 
condenser, to regain the otherwise lost 
water of the hot-water tip-rocket for 
boosted take-off thrust, it does not add 
to the power-plant weight because in a 
“ Ducky-Duck ” (tail-first plane. The 
Aeroplane. December 22, 1950) the 

tunnel is an important part of the 
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FLIGHT ', 25 January 1952 


ESCOPETTE 

PULSEJET 


A Compact , Powerful Unit: Its Background 
History and Working Principle 


V ISITORS to the last year’s Paris Show flying display 
will recall the impressive, if ear-shattering, perform- 
ance put up by the little Emouchet glider with its novel 
array of six Escopette Pulsejets. This unit has since been 
subjected to an extensive programme of trials, in the course 
of which over 200 flights have been made on two sailplanes, 
one fitted with four and the other six pulsejets. Hitherto, the 
Escopette has been studied primarily in the light of its 
capabilities in the low speed-range, where fuel consumption 
(at 1.8 kg/kg/hr) is particularly good. Now comes news that 
SNECMA are developing a number of higher-powered 
models for use at substantially greater speeds. As we shall, 
therefore, undoubtedly be hearing more of this unconventional 
power unit it seems timely to offer a brief history of its origin 
and explain the principle on which it works. 

In 1670 Huygens discovered the basic functional principle of 
modem pulsejets, namely, that sudden evacuation of air from a 
cylinder will produce an atmospheric depression inside it; in 
piston engines this is known as the Kadenacy effect. Huygens 
described a propulsive machine working on this principle with 
the aid of gunpowder, but it was not until the dawn of the 
twentieth century that the first working application of the “pulsat- 
ing” combustion-chamber appeared. These engines made use of 
Huygens’s depression effect to permit successive refuellings of a 
chamber in which combustion at approximately constant volume 


burnt gas 
mixture 



FIRING AND 
COMPRESSION 


2 



EXHAUST 





aspiration 



1 7=rn 

r 8 11 

RE -aspiration 4 

l i II 


1. The cycle of operations described by Paul Schmidt for his Argus- 
type pulsejet t to which the Escopette is basically similiar. 



This photograph shows the method of installation of six Escopette units 
on the Emouchet sailplanes which are being used for the initial experi- 
ments. The dry weight of each pulsejet, with equipment, is 4.8 kg. 
Maximum static thrust is 10 kg. 


was taking place. In this latter respect pulsejets are related 
directly to piston engines and differ from turbojets and rocket 
motors, in which combustion continues at constant pressure. 

Holzwarth, in 1908, began to study a chamber, with automatic 
valves, feeding a gas turbine. In 1909 Marconnet was working on 
models which were very similar to the modern Escopette. As early 
as 1910, Caravodine built a gas turbine comprising a combustion 
chamber without pre-compression and giving an output which 
would be considered acceptable even today. Esnault-Pelterie also 
played an important part in these experiments. 

Arising from these early studies, many investigations were made 
in various countries around 1930 but only those of Paul Schmidt 
resulted in a successful production model, later to become the 
Argus unit in the V.i flying bomb. A passage from one of 
Schmidt’s memoirs will serve to describe its principle of operation, 
which, incidentally, is almost identical with that of the modern 
Escopette (Fig. 1 is a schematic diagram showing the various 
phases of operation) : — 

“The main tube is provided with an inlet valve for combustible 
air. This valve [represented by a double line in the diagram] 
allows the fuel/air mixture to enter and prevents the return of the 
exhaust gas after the mixture is ignited, that is to say, during the 
generation of pressure inside the tube. At the top of the diagram 
the tube is shown at the end of a cycle; near the inlet valve is a 
charge of fresh mixture. In the remainder of the tube there are 
burnt gases from the previous combustion, with a body of air 
near the outlet orifice. The second illustration shows the stage 
immediately after ignition. Small arrows indicate the effect of 
pressure due to the combustion; this effect takes place very rapidly 
so that the gas column in the tube is pushed towards the rear, as 
shown in the third and fourth illustrations. Due to inertia, this 
movement continues even after motive pressure has ceased. The 
depression which is then set up in the tube, particularly near the 
valve, draws a new column of mixture into the tube (as 
indicated by the arrows in stages 5, 6 and 7). 

“Air also enters the tube through the exhaust outlet (Schmidt’s 
‘re-aspiration’) and is forced out again in the next cycle. Thus the 
tube functions at pre-determined resonance frequency. Not only is 
there an automatic intake of fresh air, but also, automatic ignition 
takes place at high combustion rates.” It should be noted that 
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escopette pulsejet . . . 

there is no actual explosion, but rather a high-speed combustion 
of the order of 30 m/sec. 

Thermodynamic Principle . — The thermodynamic cycle is that 
used by Lenoir in his gas engine which functioned without pre- 
compression. Ignition occurred during the period of induction. 
As illustrated in Fig. 2, this cycle comprises an important increase 
in pressure at constant volume, followed by an adiabatic expansion 
down to the inlet pressure. It has been calculated that the 
maximum pressure attained can reach seven times the initial 
pressure, P 0 ; the theoretic efficiency under these conditions being 
28 per cent. In point of fact, the pressure attained is actually less 
because of the width of the openings of the combustion chamber 
and because the fresh charge is incomplete, the combustion being 
relatively slow. It is of the order of two atmospheres, or even less 
at smaller throttle-openings. 

Propulsive Efficiency . — The thermodynamic efficiency of a pulse- 
jet is extremely low, but it is still able to retain its place as a power 
umt because its propulsive output is relatively high. This is due to 
the fact that each discharge is also followed by the induction of a 
certain volume of air into the exhaust end of the tail-pipe. This 
air is then expelled at the next successive combustion. 

Thus the kinetic energy produced is applied to a larger mass of 
air, which, although having the effect of lessening the exit-velocity 
nevertheless increases the momentum (and therefore the thrust) of 
the discharge gases. 

Details of the Escopette . — The Escopette is a pulsejet of the 
Marconnct type (Figs. 3 and 4). It has no inlet valves and gas 
movement is regulated only by varying the dimensions of its duct. 
It comprises the following parts : a detector, combustion chamber, 
main body or duct, tail-pipe, recuperator, fuel injector and igniter 
plug. The detector is the name given to the intake unit, which has 
the general form of a venturi with a bias towards the passage of 
fluid in one direction only. Although outwardly it appears to be 
a simple component, development of the detector has, neverthe- 
less, necessitated numerous tests and constitutes the most original 
feature of SNECMA pulsejets. Apart from eliminating the need 
for mechanical valves it also has the following advantages. Having 
no precise frequency of its own it can be adapted to harmonize 
with the main apparatus; it has a long life; fuel injection is easily 
made into the detector inlet opening; and a good combustible 


similar to those of normal pulsejets. The igniter plug located 
in the combustion chamber is only used for starting, as in 
normal running the re-igniting of successive charges is automatic. 

The Escopette operates on petrol of any octane value, injected 
at pressures varying from 0.3 to 1.4 atm. At fuel-pressures outside 
these limits the unit will not function. Thrust varies from 3 to 
10 kg at consumption figures which can be from 2 to 5 g/sec, 
according to the type of injector used. It has been discovered 
that, if two or three pulsejets arc mounted close together, the 
output of each unit is decreased by ten per cent for the same 
specific fuel consumption. 

For starting, the spark is provided by a battery- or magneto- 
operated igniter plug. An injection of compressed air must be 
made at a pressure of 3 to 5 atm through a iet (4 to 10 mm in 
diameter) mounted in the entrance of the detector tube and directed 
towards the combustion chamber. These “squirts” of air must 
be frequent, but of short duration. Fuel injections are made at 
the same time as the air so as to avoid the possibility of a residue of 
liquid fuel accumulating in the combustion chamber. Should 
ignition not take place, the fuel must be cut off immediately and 
pure air injected to blow out surplus fluid. Electric contact is 
switched off as soon as the pulsejet begins to function. 

A number of safety precautions have to be observed when these 
units are fitted to an aircraft. For example, they must be located as 
far as possible away from any inflammable material, while wing- 
surfaces near to the body of a pulsejet should be covered with a 
sheet of polished aluminium to reflect the very considerable heat 
generated by the combustion chambers. 

A typical installation for four Type 3340 Escopettcs (as fitted in 
an Emouchet sailplane) is shown in Fig. 5. All the requisite fuei- 
and air-pressure cocks (for starting), together with the two main 
throttles (controlling fuel pressure and air pressure feed to fuel 
tank), are located in the cockpit, but outside assistance is 
required when ground-starting to direct the jets from a com- 
pressed-air bottle into the intake of the pulsejets. For starting, 
the air pressure to the fuel tank must be regulated to 1.5 
atm and fuel pressure to 0.75 atm by the two throttle controls 
referred to above. Maximum duration at ground level is 10 min 
at full throttle, i.e. a fuel pressure of 1 atm. 

In flight, starting or restarting is easily accomplished at a 
speed of approximately 75 km/hr; all the pilot needs to do, 
having set his throttle at the starting position, is to switch on the 
ignition and open the fuel cocks. 


mixture is obtained even from continued injection at low pressures. 

Counteracting these advantages, however, is the fact that the 
detector is not airtight and at each cycle produces a considerable 
back-pressure. As this back-pressure exerts itself 
in a forward direction, a curled “walking-stick” 
tube called a recuperator and shaped something 

like the cup of a Pelton turbine, is provided to 

reverse this movement. Its effect is to increase f~ 1 1 T 
the output of the power unit. There is actually f \ f ^ 
a gap between the recuperator and the detector w_ w 
to permit the entry of “induction air.” & j Tzi 

The functions of the body and tail-pipe are [j 
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Fig. 5. Fuel circuit of a typical four-unit installation, 
showing the positions of controls and valves. 


1. Fuel-tank filler cap. 

2. Excess-pressure vent. 

3. Throttle valve. 

4. Relay to fuel pressure 
gauge. 

5. Individual taps for fuel 
regulator valves. 

6. Fuel pressure gauge. 

7. Air pressure gauge. 

8. Master fuel-feed cock. 

9. Air control throttle. 

10. Relay to air-pressure 
gauge. 

11. Safety valve (air, 4 atm). 


12. Emergency pressure re- 
lease. 

13. Fuel regulator valve. 

14. Fuel filter. 

15. Non-return valve. 

16. Fuel tank (20 litres). 

17. Main fuel cut-off. 

18. Fuel-control throttle. 

19. Compressed air bottle 
(1 litre at 80 atm). 

20. Main air cock. 

21. Air regulator valve. 

22. Fuel injector. 
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Das Schmidtrohr 

Von Dipl.-lng. H. Lembcke, Munchen 


Nach einer kurien Auffuhrung der in den westlichen Landern fu r das Schmidtrohr verwendeten 
verschiedenartigen Bezeichnungen werden seine Wirkungsweise, die erreichten und zukunftig mog- 
lichen Leistungsbereiche sowie einige Anwendungen aufgezeigt. 


Bezeichnung 

In deutsohon und auslandischen Veroffentlichungon 
siud m letztor Zcit wiederholt S trail Igeriite beschrieben 
warden, die mit periodischen Verbrcnnungeu in sehr 
c r .nfllrr Fnige arbeiten. ES handolt sicK dabei entwedor 
U i!> Ant riebsoinricht ungen, z. B. fiir Klugzeuge, oder auch 
tun Gerate, bei denen die Warm© oder die Energio des 
Ga^st raids m anderer Wcise ausgenutzt wird. 

Kntsprcehend den verschiedenen Anwendungszweeken 
findet man im Schrifttum vorschiedenartigc Bezeich- 
numzen fur solchc Cerate. In Deutschland wurden u. a. 
dn* folgenden Benenmmgen vorwendot: Verpuffungs- 

st ruhlmhr, Verpuffungsrohr, Schubrohr, Pulsotriebwcrk, 
A* i <> Resonator. Stobbrenner, Schwingfeuergerat,Sehwing- 
r- .hr. In auslandischen Veroffentlichungon sind Bozeieh- 
niiutren wie Pulsating Jet Engine, Pulse- Jet, Dyna-Jet, 
J ’els' mvaeteur. Esoopette usw. eingefiihrt worden. 

Bei alien diesen Geraten handolt es sich um die Anwon- 
(hum des von Paul Schmidt , Munchen, geschaffenen 
Y.ufahrens der pulsierendcn V r erbrennung in eincm 
einfachen Bohr mit bis dahin in Verbrcnnnngsmaschinen 
unorreicht holien Ziindgcschwindigkeiten. Er hatte scinen 
nach diesem Verfahren arbeitenden Antrieb, den or im 
Jahre 1930 erfunden und in den Jahren bis 1940 schon 
zu izroBoti Eiuhciten cnt-wickclt hatte, bis zum Jahre 
1H44 a Is Strahlrohr bezeichnet [1]. Als dann fur den 
■ ! i raus hei vorgegangenen Strahlantricb tier VI in don 
b teiligten Kreisen tcilweise unzutreffende Xamen ver- 
wendet wurden, ergab sich fiir das Keichsluftfahrtmini- 
sterium die Xotwendigkeit, cine einheitliche Bezeichnung 
fcstzulegen. Xach eingehender Untersuchung der Zu* 
sainmenhange wurde angeordnet, dab der Strahlantricb 
der Vt als Argus-Schmidtrohr zu bezeichnen sei. Das 
Wort Schmidtrohr — in dieser Schreibweise — kenn- 
zeichnet dabei das neuartige Betriebsverfahren, wahrencl 
das mit Bindestrich davorgesetzte Wort Argus zur Angabe 
der Fertiguncsfirma client. 
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Bild 1. Gcsamtansicht. 



mid 1 und 2. 

Schmidtrohr SR 500. 

a Vcntilklappcn 
b Brenustoffzcrstiiuber 


Bild 2. 

Eintrittascite des Rohrcs. 


Eigenschaften und Leistungsbereich 

Grundsatzlicher Aufbau 

Bild 1 und 2 zeigen die Grundform des Schmidtrolires, wie 
sic seit dem Jahre 1937 von P . Schmidt auf dem Pmfstand 
untersucht wurde. Das dargestellto Rohr SR 500 mit 
olOinm Dmr. und rd. 3,5 m Lange war im Jahre 1939 
in der Erprobung. 

Es bat sicli gezeigt, dab man dieso Grundform bei 
gloichbleibonden Betriebscigenschaften weitgehend ab- 
wandeln kann. So kann man das Verhaltnis von Lange 
zu Durchmcsser betrachtlich verschicden wahlen; das 
Rohr kann man sich verengend oder sich orweiternd aits- 
fiihren oder sogar in Windungcn logon. Auch die Gestal- 
tung des Lufteinlabventils bietet vorschiedenartige Mng- 
liehkeiten, z. B. kann an Stellc der iibliehon Vent ilklappcn 
auch ein dynamisches Ventil verwendet warden, wie es 
bereits im Jahre 1942 von P. Schmidt erprobt wurde. 
Km solches Yentil arbeitet oh no bewegte Joule auf der 
Grundlage, dab sein Stroinungswiderstand btum Riick- 
st rumen grober als beim Einstromen ist. Fine weitere 
bemerkenswerte Eigenschaft des Schmidtrolires ist seine 
Unempfindlichkeit gegeniiber den vcrschicdem'n Hi con- 
st offen. 

Verbrennungsvorgang 

Die Leistung des Sehmidtrohrs beruht auf der im Rohr 
stattfindenden G Icichrau m - Verbrennung. Dio Tat- 
sache, dab in einem einseitig offenen Brennrauin cine 
Gleichraum-Verbrennung erreicht wird, erkUirt sich a us 
den ungewohnlich hohen Zundgeschwindigkeiten, die 
im Schmidtrohr auftreten. In Rohren mittlercr Globe 
ist die Zundgeschwindigkeit rd. 500 m/s. Bei so groben 
Gescliwindigkeiten kann es sich nicht um eine Zilndung 
auf Grund von Warmeleitung und Turbulonz handeln. 
Die Ziindung wird viehnehr durch eine Stobwelle ver- 
ursacht, die mit sehr holier Gescliwindigkeit vom offenen 
Rohrende zuriieklauft [2; 3]. 

Brennkammer leistung 

Die hohe Zundgeschwindigkeit fiihrt zu tibcmischend 
hohen Leist ungen offener Brennmume, wie es in cin- 
drucksvoller Woise z. B. durch britische Mcssungen 
bestatigt wird [4]. Dio iibliche Kennzeichnung der Brenn- 
kammorloistung durch Angabe der Umsetzung in Wiir- 
meeinheiten je Stunde und Volumeinheit des Brennraums 
ist jedoch fiir period i sell arbeitendo Broun ranine nicht 
geeignet. Eine so gekonnzeichnete Brennkammerleistung 
andert sich namlich mit der Periodenzahl ; da die Porioden- 
anzahl der Brcnnraumlange umgekehrt verbal tniagloich 
ist, warden sich bei kleinen Broimkammemusfulmmgon 
auBerordentlieli hoho Werte orgoben. Zweckmabiger ist 
es daher, die Brennkammerleistung auf den mittlcren 
Querschnitt der Brennkammer zu beziohen; die sich so 
ergebenden Werte sind von der Grofle der Brennkammer* 
ausfiihrung unabhangig. In dieser Weise aus den britischcn 
Mcssungen berechnete Bezugs werte liegen bei etwa 
90 • 10 6 keal/m 2 h. Sie stimmen mit den Werten iiberein, 
die von P. Schmidt an seinen selbstansaugenden Versuchs- 
rohren in den Jahren 1937 bis 1945 festgestellt wurden. 
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Schubkennwerte und Wirkungsgrad 

Als Ken 1 1 wort, o fur die Re i stung einos Schmidtrohrs 
bei tier Verwomlmig als Flugzeugantrieb dienen bosonders 
tins Verhaltms von Baugowicht zu Sohubkraft im Stand, 
das Verhaltnis von Brennstoffverbrauch zu Sehub im 
Stand und dor ( iesumtwirkimgsgrad bei verschiedenen 
F 1 1 1 ggesc h w i iu I ig ko i t on . 

His z 1 1 in dahre 1042 war von /’. Schmidt boi Rohron 
groI3or Heist ung (dor gml3t:e Stamischub einos Roliros 
bet rug 750 ko) ein \ orbaltnis von Baugowicht zu Sehub 
im Stand von otwa 0.3 kg/kg erreioht wordon ; allerdings 
wurdo dabei knur Knt wieklungsarboit naeli kleinom 
Baugowieln hm 1 >et neben . 

In Bdd 3 ist om ( )s/i I logrumm ernes Riuifstand vorsuohos 
niit omem K«>hr nueh Bild 1 wiedergegebon { Vorbroimimgs- 
dinok. Sehub und Brenustoffvorbmuch). Dio gunstigsten 
\ erhrawhszahlen nut Rohren dirsT Hauarfc I agon otwa 
bei 2.5 kg Brennstoff jo kg Sehub und Si unde. Fur die 
mit .. Kscopott e ;i bezeiohnete Bauart wird ein Brenn- 
stoffVorbraue}i von i.s kg kg h bei omem Haugewioht von 
n.5 1 kg/kg angegebm j5|. Die von andoren Bauartou 

a. - Is 

_ _ _ Sch.jD 500 kg 

***** 1 

b 

m 



Iiild fi. Oszillogrumm einos Schmidtrohrs SK 51 X) 
( Versuch Xr. 40 JS9D). 

a /» it r Ditirk im \' *♦ r » > re nn ti n j/'rt » h r 

h Si hub >( Ibrnnstott vert>raiu ti 


bekanntgowordonon WVrto liegen in der gleiehen <d()f3en- 
‘U'dming. Bcm dor \ Yrwendung des Schmidtroliros 7,11111 
Ant rieb von Drehflugrln konnte sugar ein Verhiiltnis 
von Rohi’gewieht zu Sehub von nut* 0.24 kg/kg crreiohi 
won leu (vgl. Absehnitt fiber Anwendimgen), 

Der Gosamt wirkungsgrad des Rohros im Fluge bet rug 
bei dor V i otwa 4° () ; dabei kain abor der Sehub des 
Koh res wegen dor aerodynnmisch ungimstigen Auordnung 
mir z u 1 1 1 'IVil als Xutzsehub zur Geltung. 

Verbesserungsmoglichkeiten 

Mit doit bisher bekannt gewnrdenen Ausfuhrungeu 
sind die (Ironzon der Reistung von Selunidtrohren noeh 
nioht erreioht; violmehr la(3t si eh auf Grund weiterer 

hi Id 4. Thermischer 
Wirkungsgrad i} t \ x 
des Schmidtrohrs 
(Kurven a) und des 
Staustrahlrohrs 
(Kurven h) in 
Abhangigkeit von 
der Maehzahl Ma. 


Mrt = 1 entspricht 
1' i nor FI u ggesc h w i n * 
digkeit von 
id. 1200 km/h; 
misgezogene Kurven 
tin* Flughohe 
h = 1 1 km, 
gestrichclte Kurven 
f it r h — 0 km 



Untersuchungen fibersehen, dafi noch orhobliche V e 
besserungen moglich sind. Dor Outegrad dor Verbrenruin' 
und die Luf’tvor lager ring im Fluge, die beim Rohr 
Vl nur sehr kleme Werte erreiohten, konnen dureh 
oinigo grundsat/liche Anderungon in dor Bauart r } e . 
Rohros wesentlich verbesserfc werden. Man kann dam!t 
reehnen, da!3 mit solchen Verbosserungen und als Folge 
ehu.*r Ho i c 1 1 1 ba u - H n t w i c* k I u n g ein Baugowieht von 0 \ 
bis 0,2 kg jo kg Sehub im Stand und ein Brennsh >ff Vo ^ 
branch von otwa t kg jo kg Sehub und Stunde erreioht 
werden konnen. 



bild 5. ( iesamt-wirkungsgrad ;/ des Schmidtrohrs 
in Abhangigkeit von dor Marhzahl Ma. 

O’cstrii’hclte Kunv u uhrsi !um nl i<-ln -r Wrlunt l»ei klt-nnm Ma 
/■ MassenvprhiiK tiis von brseMumiLUer laift zu v crhrnimlrm Ormix’h 

Fi'ir die Beurteihmg dor Wirkungsgrade (ones Selumdt- 
rohrs im Kluge ist die dureh den Staudmek envioh- 
ba re Ven lieht ung des GemischoS wesontlieh. Bei Bet nob 
im Stand ist fur die periodische ( deiehraum* Ver brenmmg 
im Scbmidtrolir der tliermiscbe Wdrkungsgrad des Heiv»ir- 
Rrozesses mafigebond, der rd. 30 ( \j betragt. Infolge der 
Verdiehtimg (lurch den Flugstan steigt der thermisehe 
Wirkungsgrad, und /.war iu verschiedencn llbhen etwas 
verschieden (entsprechcnd dor Hu ft tomperatur). Bdd 4 
zeigt die Abhangigkeit des thermischen W'irkungsgrades 
>h \i von der Maehzahl Ma. Dabei ist beim Bcreehnen des 
tluM-misehon W'irkungsgrades die Temtieraturabhangigkeit 
dm* spozif ischen Warme beriieksiolitigt worden. /uni 
\ (‘rgloieh entliiUt das Bild aucli don tlieriniscdien W u - 
kungsgrad fdr ein Staustrahlrolir (..Ramjet “) mit stetiger 
G l e i c h d r u 0 k- YVrbrcmnmg. Man sioht, da(3 die Gleieh- 
rmim-V r erbn'nming dos Schmidtrohrs orlioblich giinstigeiv 
W orto als die ( Heichdruck-Verbrennung beim Staustrald- 
rohr ergibt. 

Bild 5 gibt eine Ubersioht fiber die zu erreiehenden 
G(‘samtvvirkungsgrade des Schmidtrohrs iu Abhangigkeit 
von der Maehzahl. 15ie mit k bezeichnetcn Werte g(d>en 
das \ orbaltnis der kolbenartig beschleunigten zusatzheheu 
Luftmasso zur Masse des vorbrannten Gcunisclies an. 
iHs ist als nioht ganz sicher anzuschen. ob die fiir kleiM'* 
Machzahlen eingetragenen ret* I it holien Worte k 5 dor 
Luft vorlagerung erreioht werden konnen. Do.shalb ist die 
Kurvo fur k -- 5 gcstrichelt bis Ma — 0 fortgesetzt . 



Rild G uml 7. Sichtbarmachung der Haubeneinstromung 
mittels Fadenbiischels. 


Fur das Verbal ten des Rohres im Flugo und besonders 
j-jir don Anstromwidorstand ist die Poriodizitat der Ein- 
gtrbimmg in das Rohr von wesenfclichem EinfluI3. Um 
ciiaso Verhiiltnisse zu untorsuchen, erprobto P. Schmidt 
i,n Jahre 1044 oine nach besonderen Gesichtspunkton 
ausirobildete Speichcrhaube, die stetigcs Einstromen in 
t ] K; Haube boi sieherem Rohrbctrieb ergeben sollte. Fur 
die Versuehe verwendete er ein clem Argus-Sehmidtrohr 
( l ( .f V t ahnliehes Rohr von 100 inm Dmr. und 1 m Lango, 
das zmiiiohst mit einer Hanbo nach Bild 0, wie sie bei der 
Vl venvendet wurde, und dann mit der Speichcrhaube, 
Bild 7, verschon war. Bei diesen Priifstandversuchon 
belaud sieh ein Fadcnbiischel in der Naho des Hauben- 
ein lassos. Man erkennt am Flattern der Faden das heftige 
pulsieren do.r Streaming an der V 1 -Haube, Dagegon 
/eigt Bild 7, da(3 sicli beim Versuch mit der Speieher- 
baubo die Fiidon in Rube befanden, dab also die Ein- 
^riomung in diesem Fall stetig war. Das Rohr liatte in 
hr i< Ion Fallen gleiehe Leistungswrrte. 

Die vnrst (duMid erwahnten Mogliehkoiten einer weit- 
(f( -Hendon Abandoning der OruiuKomi des Schmidt- 
]‘i i ) i res narh Bild 1 ergoben cine vielfahige Anwendbarkeit. 

Anwendung 

Flugtechnik 

Die erste Vorwcndung in der Flugteelmik war das 
Argus-Sehmidtrohr a!s Antrieb der Vl. Ks diirfte von 
Interesso sein, der bekannten Ausfuhrung der Vl einen 
Knt wurf gegemiber/ustellen, den Schmidt bereits im .Jahre 
pt.34 an die Bchonle emgereieht hatte. der aber nieht 
hfju'htct wurde, Bild S bis 11. Dieser Entwurf /.eigt, cine 





Bild S his 10, Fhigtorpedo- Knt wurf 
am 1934. 



uvsentlieh gimstigere Anordnung des Antriebs als boi 
der Vl und Uil3t erkennon, dal3 die flugteehnischo An- 
wendung allgemein grol3ore Bedeutung erlangon kann, 
v< >r a Hem aueh fur andero Zwecke als fur fliegende Bomben. 

Wegen seiner Einfaehheit und Billigkeit eignet sicli 
das Schmidt rohr aueh zuin Antrieb von Segelflugzeugen. 
Hierfiir win! besonders die in Frankreich entstandene, 
nut, ,,Esc*opetto“ bozeiehnete Ausfiihrungsform vorgo- 
x lilagen. wall rend die in den Vereinigten Staaten von 
Amerika unter dem Xamen ,.Dyna-Jet-“ hergestellte 
Rauart zum Betrieb von Flugzeugmodellen client. 

Imho andere, ebenfalls in den Vereinigten Staaten von 
Amerika eingefuhrte Anwendung in der Flugtechnik ist 
der Antrieb der Drehfliigei von Hubschraubern 1 ). Hierbei 
warden die Drehfliigei durch an den Fliigelenden ange- 
• ‘l'dnete Sehinidtrohre unmittelbar angetrieben. Der Vorteil 
besteht in einer wesentlichen Veroinfachung des Triob- 
werks und im Wegfall des Ruekdrehmoments auf die 
Xelle. 

Die Verwcndung des Rohres zum Ant riel) der Dreh- 
Uugel von Hubschraubern hat in neuerer Zeit zum Ban 
' iiies kleinen Hubsehraubers 1 ) von nur 01 kg Riistgewicht 
geftihrt [0]. Dabei sind zwei Rohre angeordnet, mit denen 
"line Xachtanken 1,5 Stunden bei einem K rafts toffver- 
brauch geflogen werdon kann, der als nur unwesentlich 
iiber dem von Kolbentriebwerken angegeben wird. Das 
Verhiiltnis von Rohrgcwicht zu Sclnib betragt, wie 
bore its im vorangehenden Hauptabschnitt erwahnt ist, 
0,24 kg/ kg. 

A ) JJauart <Jcr American Helicopter Co. 


Heizgerate und Kohlenstaubbetrieb 

Fine kleine Ausfuhrung eines Schmidtrohrs, die als 
Hcizgerat dienen sollte, wurde auf Anregung von W. Kamm 
in den Grundziigen ontwickelt -2 ) und nach weiterer Aus- 
gestaltung 3 ) an anderer Stelle als StoGbrenncr in grol3on 
Serien geliofert. Die durch Fortentwicklung nach dem 
Kriege liioraus entstandene Ausfuhrung ist unter der 
Bczeiehnung Schwingfeuergerdt auf den Markt gobracht 
worden [7], Wegen der Einfaehheit, des niedrigen Gewichts 
und des unabhangigen Betriebs kann man fur dio An- 
wendungen als Hcizgerat cine weitgehende Vorbrcitung 
er war ten. 

Die Unempfindlichkeit des Schmidtrohrs gegen die 
Brennstoffart ermoglioht z. B. aueh den Betrieb mit 
Kohlenstaub. haste Versuche, Kohlenstaub boi Einzel- 
zundungon mit StoBwellen zu verwenden, wurden von 
/\ Schmidt sehon im -Jahre 10,32 unternommen, fuhrten 
aber nieht zum Erfolg. Km einwandfreier Betrieb mit 
Braunkohlenstaub wurde erstmalig zu Beginn des Jalires 
1945 von //. Wahl erzielt. 

Im AnsebluB an die Versuehe von Wahl ist es in den 
letzten Jahren gel ungen, den KohlenstaubbetrieJ) waiter 
auszubauen. Dio Entwicklungsarbeiten 4 ) haben zu einem 
Betrieb von Sehwingrohren mit Braunkohlenstaub und 
aueh Steinkohlenstaul) bei betriichtliehen Leistungcn 
gefiihrt. Solche Geriite ergoben einen erheblieh groficren 
Staubdurchsatz als die libliehon Kohlonstaubbrenner. 
erzeugen zugloich seibsttatig einen Uberdruck der Brenn- 
gase und ersehiief3on dam it neuc Mogiiehkeiten fur die 
stationare Kohlenstaub-Gasturbine und fiir andero Ge- 
biete. Forner golang es aueh 4 ), nut Sehwingrohren ein 
brauchbares Scliwachgas aus Steinkohlenstaub bei gutom 
Wirkungsgrad des Gascrzeugers lierzustollen. 

Bei der Anwendung des Schmidt rolins auf Heizgerate 
und Brenner sowie bei der Kohlenstaubvergusung sind 
fiir die Loistung ebenfalls die holien Ximdgoschwinclig- 
keiton von bosonderer Bedeutung. Die Intensitaten der 
Zundung und Verbrennung sind so groJ3, dal3 beim Kohlen- 
staubbetrieb Staube von normaler Mahlfcinheit fast voll- 
stumlig misbronncn, Bozieht man die Bivimrrleistung m 
der ubliehen Wo iso auf das Vnlum des Brenmaums, so 
ergibt sieh bei den bisher als normal geilundcn Kohlon- 
staubbrennern ein Wert von rd. 0,5* 10 6 kcal jo m 3 Brenu- 
iiium und h, bei Wirbclbrennern (odor Wirbolvergasern) 
rd. 5 • 10 6 keal jom 3 und li und bei einem Sehmidtrohr mitt- 
lorcr GrdGe 50 - 10 B keal je m 3 und h. Dem nach bestehen im 
Sehmidtrolir (due Ziindart und Xundwirkung, die noch wait 
fiber die Wirkung der starken Sti omungst urbulenz in Wir- 
belkammern hinausgehen. 

Schtidl ingsbekampfung 

Dureii die Arbeiten und Erkenntnisse von l\. Slantirn 
ist deni Selnnidtrohr auf dem Gebiet dor Scbadlings- 
bokampfung ein nones Anwendungsgebiet ersehlossen 
worden, das von Bedeutung zu werclon verspricht. 



Bild 12. Kondensationsnebcl cines Insektizids mit eingezeich- 
neten Umrisscn von Schadlingseiern. 

-) In Ciemeinschaftsarbeit zwischen P. Schmidt unci dem Forschungs- 
inatitut fiir Kraftfahrzeugc und Fahrzeugmotoren, Stuttgart-Unter- 
titrkheim. 

3 ) Bauart Kiircher. 

4 ) Entwicklungsarbeiten der Ruhrgas AG. 
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Fur die Schadlingsbekampfung ist es wichtig, daf3 
die Insektizide genugend fein verteilt werden und 
man eine gleichmaftige GroOenverteilung der Teilchen 
erhalt. Die vorausschauende und langjahrige Arbeit von 
K. Stcintien auf diosem Gebiet hat schon fruhzeitig die Mog- 
lichkeit einer besonders giinstigen Wirkung des pulsie- 
renden Strahls aufgezeigt und bestatigt. Durch das Ein- 
fiihren der temperaturempfindliohen Insektizide nahe dem 
Rohrende werden die Stoffe fein aufgeteilt und auch 
genugend sehonend behandelt. Hierbei diirfte das pul- 
sierend anftretende Eiicksaugen von Atmospharenluft 
am Rohrende und die Wirkung der im Rohr iaufenden 
Vordichtun^.swellen eine besondere Rolle spielen. Einen 
Eindruck iiber die Fcinheit und GleichmaOigkeit der Ver- 
teilung von Insektiziden gibt B i Id 12 (mikroskopische 
VergroOerung). Die eingezeichncten Umrisse von 8ehad- 
lingseicrn zeigen die sichere Wirkung der Verteilung und 
lassen zugleieh die sparsame Verwendung des Jnsektizids 
infolge der Gleiehrnabigkeit der Teilchen erkennen. Eine 


derartige Gleichmafligkeit und Feinheit der Verteilung war 

mit mechanischer Zerst&ubung bisher nicht erzielt worden. 
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The SNECMA Escopette Pulse- Jet 

by J. Hi in IN, in charge of Sjx cial Projects, I\ Paris and J. Lc Poll, Engineers, SNECMA, Paris 


I. Historical Survey 

The SNECMA Escopette pulse-jet, which 
has been fitted in two Emoitchei gilders built 
by SEVIM1A (Societe d'Etudes Victor 
Millie), is the first power plant without 
moving parts — excepting for obvious reasons 
rockets — which enables a piloted aircraft 
both to take off and to fly entirely inde- 
pendently. 

The history of this engine goes back to the 
end of 1943. One of the authors, convinced 
of the value of constant volume combustion 
(the Lenoir cycle without pre-compression 
has a theoretical efficiency of 27%), had the 
idea — which lie thought was a new one — of 
an engine with intermittent combustion and 
hence with partially constant volume of the 



Pif!. J : Entry valve , controlled by gas pressure, 
at the forward end of a pulse-jet pipe. 

burning gases. His original design was 
roughly as shown in fig. 1, with a valve at the 
head of the pipe. 


Today, of course, everybody recognizes a 
diagram of the principle of a pulse-jet with 
flap valves. But at the time the author knew 
nothing of this, although he had been working 
on aircraft power plants for a long time. 

The idea was submitted to Chief Engineer 
R. Marchal, head of the Centre d'Etude des 
Moteurs k Huile Lourde (Test Centre for 
Heavy Oil Engines) *, who showed interest 
in it but raised certain objections to the 
use of valves. 

He feared they would not be sufficiently 
tight and would create losses due to the 
inevitable dephasing of tiie movement of 
gases in relation to that of the valve. A new 
suggestion was made, that a spring be placed 
on the valve with a frequency equal to that 
of the movement of the gases. 

It might thus be possible to reduce the 
dephasing to a minimum, as the energy taken 
up from the flow to move the valve is prac- 
tically negligible. 

•C.K.ILL. waft an organization under the Technical and Indus* 
trial Directorate of the Air Ministry and was at Lyons at the time. 
Later, in 1947, it was incorporated inSNLCMA. Its head, M. Marchal, 
had meanwhile become Technical Dim- tor of this company. 
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com pres ^bmsxas 

ACADgMIE DES SCIENCES. V/ol.T-Sl 


AKROTKCMNNMjK. — t'ontnife par jet transversal tic la section (/'ejection ties 
tuyeres d. reaction. Note de MM. I' ua.ncois M AUNOITRY, M akc.ki. Ka no sc ii et 
Jeax Bertix. presentee par M. Maurice Hoy. 

Pour adapter les reactours d'aviation aux divers lbnctionnements, en parti- 
culier dans l’utilisation de la rechauffe, la tuyere d’ejection a section variable 
s’est largement repandue, sa section de sortie pouvant varier du simple au 
double. 

Nous allons exposer diverses formules simples appliquees a ce probleme, 
dont la verification experimentale a etc obtenue au corns de la raise au point 
du procede etudie des 1900 par la Societe d’fitude et de Construction de 
moteurs d’aviation et adopte recemment sur une serie de reacteurs construits 
par cette Societe. 

Le procede utilise consiste a diriger sur le flux a controler un jet auxiliaire 
de gaz, a pression totale superieure a la pression statique de l’ecoulement, le 
jet auxiliaire abordant ledit ecoulement sous une incidence appropriee. Dans 
l’application ici envisagee, le jet auxiliaire provient d’un prelevement effectue 
en amont sur le flux principal, en general a partir du compresseur ou des 
chainbres de combustion ; mais cela n’est nullement une necessite et Ton peut 
dans certains cas utiliser un generateur separe. 


(•^figrtence A) 

n- = 



f e»f>er\aoce B ) 


Considerons un reacteur sur lequel un debit-masse reduit d a ete preleve, le 
debit principal residuel D etant evacue par la tuyere d’ejection T (Jig. 1 ). 

Dans une experience A, le debit preleve d est detendu dans une tuyere t et 
ejecte corame D, tandis que la tuyere T, variable mecaniquement, peut reduire 
de S, a So la section d’ejection de D. 
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Dans une experience B, le debit preleve d est detendu et injecte dans la 
tuyere T, fixe et de section do sortie S,, par une fente peripherique de sec- 
tion .v,, avec une inclinaison x sur l’axe de T, les conditions au prelevement et 
en amont de l’injection etant les memes que dans l’experience A. 

On notera que si, dans cette seconde experience, la conjonction des flux D 
et d s’opere en subsonique et si leur melange, apres l’injection du second, 
ramene celui-ci sans perte sensible d’energie a une direction parallele a l’axe 
de T apres detente complete, la variation totale de quantite de mouvement sui- 
vantl’axedeT, done aussi la poussee, reste la merne dans les experiences A et B. 

Supposons l’ecoulement uniforme dans les sections d’indices 1 et 2, et 
notons /j., la pression, admise constante le long de la ligne dc jet N, N',. Par 
application du tbeoreme des quantites de mouvement et en fonction des nom- 
bres de Mach M, et M 2 , on obtient : — pour expression du coefficient de 
striction 



pour la quantite de mouvement finale de la veine principale : 


— et pour la variation de quantite de mouvement du jet auxiliaire entre M, IV , 
et M 2 N, selon la formule due a MM. L. Bauger et P. Gelid : 


dv, COS 1 | s, f)\ (7c, ) 

S ,p. 


= (i — /« -M ; ) 



en designant par p\ la pression moyenne du jet auxiliaire en M t N, , et par c, , 
c.,, les vitesses moyennesdu meme jeten MjN t et M 2 jN 2 respectivement. 

Le minimum theorique de cr correspond a a — i8o degres. Mais, comme il 
peut etre pressenti, l’experience montre que le jet auxiliaire ainsi injecte tan- 
gentiellement et a contre-courant se perd en partie dans la couche limite vers 
I’amont avec un mauvais rendement par dissipation d energie et que son retour- 
nement vers l’aval occasionne une nouvelle et importante dissipation d’energie. 
If resulte d’essais systematiques que. pour une application du genre ci-dessus, 
le minimum reel dc a correspond a a = i4o° environ. 

II doit etre signale que nos experiences ont found une excellente verification 
des tormules ci-dessus. En particulier si pour a = qo°, on augmente c, et e 3 
(par exemple, en elevant la temperature du flux auxiliaire ), le debit de prele- 
vement d varie, a i constant, en raison inverse. 



MASTECH 

830 Childs Way. Suite No. 164. Los Angeles, CA 90089 
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BRIEF HISTORY: 

The pulsejet engine was developed in the late 1930s by the Germans for use in their (in?)famous V2 rockets, 
otherwise known as "buzzbombs." 

The unique engine in these crudely guided missiles propelled the rocket to somewhere over its intended target, 
where it promptly turned itself off, and then glided for several seconds in free fall/flight. When the rocket hit the ground, it 
detonated, causing mass death. Part of the reason they were so feared is precisely because they were not very accurate, nor 
was it known in the final seconds before detonation where the rocket was going to hit. Those few seconds of silence before 
the explosion led to increased suspense in the victims of its attack. 

FUNCTION: 

The engine works in the following manner: 

Air is forced through several one way valves via the intake manifold on the front of the engine. It is mixed with 
atomized gasoline or other fuel either before or after it passes through these valves, and then enters the combustion chamber. 
The air/fuel mixture is then ignited with a heat source (spark). The resulting explosion forces its way out the back of the 
combustion chamber, through the exhaust manifold, resulting in a Newtonian-second-law-reaction, thereby pushing the 
rocket forward. These expanding gases are not allowed to exit the front because the intake valves only allow entrance to the 
chamber. 

After the explosion there is a volume of low pressure inside the combustion chamber. More air and gas is drawn in 
through the front valves as the pressure finds equilibrium with the atmosphere, as well as in through the exhaust manifold. 
The air and gas mixture is again ignited, and the cycle repeats itself. 

THE MODEL: 

The plans available through Jet Technologies are a straightforward, simple rendition of this type of engine. It can 
be built from materials found at home or, mostly, in the hardware store. According to them, this model will produce 7 
pounds of thrust and propel a model plane up to 200mph. This engine bums normal gasoline. Should you choose to use 
this engine in a model airplane, be warned that the finished version is approximately 4.5 to 5 feet long, including the tail 
pipe, and weighs several pounds. Proper heating insulation is required so that the plane model itself does not bum up from 
coming in contact with the combustion chamber. Because a model is meant to be taken to a flying field, certain 
modifications and/or additions have been added at the end of this article in order to make building and transporting the 
ignition system (ground based only), and on board fuel delivery system, more portable. These are the author's own ideas and 
are not in any way affiliated with Jet Engine Technologies. 

Combustion Chamber: 

The majority of the air drawn into the combustion chamber after ignition comes in through the tail pipe. The hot 
gases from the previous explosion reentering the combustion chamber provide ignition for the next cycle. Obviously, 
however, the net amount of gases escaping the tail pipe is greater than zero, or else the engine would go nowhere. 

The main combustion chamber is a large size aeiosol can. I used a Niagara Spray Starch can. The bottom is cut 
out with a can opener. The removal of the top part is a bit more difficult. Pliers and a screwdriver are used to pry open the 
"lip" that seals the spraying mechanism from the rest of the can. All that is left, then, after the top and bottom are removed 
is the outside of the can and the semi-circular section on top of the can that is still attached. Please see the accompanying 
illustration. A hole is drilled 3 inches or so from the wide (front) end into the side of the combustion chamber so that a 
spark plug and its accompanying nut can be firmly bolted on. It may be sealed if necessary with high temperature gasket 
material. The spark plug is screwed firmly into place. Use the smallest plug possible. 

Valve Assembly: 

The next major feature of the pulsejet engine is the construction of the "valve plate", or reed plate, and the reed 
valves. These are the one-way valves that allow the mixture of air and gas into the combustion chamber. The valves 
themselves are made from .005 inch thick feeler gauge, used by auto mechanics. I ordered mine from an auto supply store 
for about $2-$3 each. They are about 12 inches long, about 3 /8 inches wide, and very flexible. Scissors are then used to 
cut them to their proper shapes. The best way to describe this shape is the outline of a child-drawn house. Basically a 
vertical rectangle with a tall triangle ("roof') added on to one end. The "roof' triangle part of the valve takes up 
approximately one half of the total length. Eight of these are made and they are about an inch long overall. 

The valve plate houses this assembly of eight valves, and is made nominally from 1/8" thick aluminum plate. If 
1/8" plate is not available, two 1/16" plates which have metal-epoxied together can be used. These are then cut to size (4.5 
inches x 4.5 inches). I used a Black and Decker wood saw (which is supposed to be a no-no, so no responsibility is taken or 
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242 assumed for any problems that may arise from using it in the following manner) fitted with an abrasive/metal cutting blade. 
It made a lot of noise, but managed to successfully cut the aluminum. 

There is a total of two other plates in the assembly, also made from the same sized aluminum. In addition, there is 
1 square of 1/1 6 M high temperature gasket material with the same length and width dimensions as these plates. These 3 
plates and a gasket are stacked together and four holes are drilled in the comers. These holes are eventually used to hold the 
entire assembly together. Unless extreme care is taken or proper tools are available, the plates will most likely come out 
uneven and not completely square. When this is the case, proper caution must be taken in order to identify top, bottom, left, 
right, and front and back of each plate, and THESE MUST BE KEPT IN THE SAME ORDER. Otherwise the engine’s 
alignment will be untrue, and it may not work properly. The four comer holes are eventually used to hold then entire engine 
assembly together, and these need to be aligned properly. 

After all three plates and gasket are drilled, the valve plate itself has more holes drilled into it. These are the intake 
holes and are covered by the valves. They are used to channel the air and gas mixture into the combustion chamber: There 
is a 1/4" hole drilled dead in the center of the plate. There are eight 5/16” holes drilled evenly around the center, about 1" 
away. And finally there are another eight holes, a bit smaller than the first set of eight, drilled directly in line between the 
first eight holes and the center hole. The pattern can best be describe as 8 sets of 2 holes each, arranged radially about the 
center of the plate, with the large holes at the outer edge of the pattern. In other words, the hole size is proportional to the 
distance from the center. 

To review; 

Distance from center of plate (and 1/4 inch center hole) to: 

Four comer holes: 1-3./4”. (this is new information — you didn't miss it the first time). 

3/16” diameter 

Outer eight holes: 1-1/16”. They have a 5/16” diameter 

Inner eight holes: 3/4 ”. They have a 13/64 inch diameter 

After all the holes are drilled any burrs must be smoothed/ removed, using a file or wire-brush bit mounted on a 
drill. After the smoothest side of the valve plate is identified, it is covered with a thin coat of high temperature silicon 
sealer. A copper and/or petroleum based gasket maker MUST NOT be used. Though it may be cheaper than the silicon 
version, it makes nothing but a big, useless mess, and doesn't cover anything up. Should you unwisely use this type of 
sealer, you may need to make new valve plates, as I unfortunately discovered the hard way. 

After a thin layer of silicon sealer is placed over the valve plate, it is smoothed over with a plastic zip-type 
sandwich bag before it dries. The point here is to make a smooth surface so that the valves can make an air tight seal with 
the plate. The plans suggest using the edge of a credit card over the plastic bag so that the surface is bump-less and perfectly 
flat. The type of silicon sealer I used was red in color, smelled bad, and cost around $5.00 for a tube. 

The next step is to place a 1/4” bolt through the center hole to hold the valves in place on the silicon side of the 
valve plate. The bolt presses on the curved cut-out bottom of a soda can to squeeze the valves in the center of the plate, and 
hold them in place over their respective holes. The valves are arranged radially, like the holes themselves, with the wide end 
away from the center. By my experience this does not work because there isn’t enough force available from the can bottom 
to keep the valves from sliding around and covering their respective intake holes. Valve adjustment is the most crucial part 
of building the pulsejet engine because if the valves don't seal properly, there will be "blowback” which will lead to a fire. 
Instead of an aluminum can bottom, which is annoying if nothing else to cut out, the bolt can be placed through a 3/4" outer 
diameter washer to hold the valves in place. The bolt is inserted through the valve/silicon side of the plat towards the front, 
and firmly hand tightened with a proper nut. The bolt must be long enough so that another nut can be fit over it. 

Each valve needs to be tested individually: This task is accomplished by putting your mouth up to each hole from 
the opposite side of the valve (non silicon side), and sucking. There should be a "flip" sound, as the valve is sucked into the 
silicon surface, after which there should be no air flow. A little leakage on each of the valves quickly adds up to lot of 
leakage on the entire front plate, so be sure to adjust these valves as leak proof as possible. .A possible suggestion is to flip 
the faulty ones over and use the other side against the silicon sealer. Make new ones as necessary. 

The next plate to make is the intake plate, which is the second of the aforementioned drilled aluminum plates. A 
large hole is cut in the middle of both the intake plate and the 1/16" gasket, approximately 3 inches in diameter, or enough 
to go around all the holes in the valve plate. The hole in the intake plate is cut by drilling many smaller holes around a 3” 
diameter circle, just on the inside of the circumference, using a 1/4 inch bit or smaller. The rough edges are then smoothed 
out using either a file or an appropnate (metal routing) drill bit. The hole in the high temperature gasket is cut with scissors. 
Seal this gasket to the plate with silicon sealer. 

The inner intake cone is a cone that is screwed on over the remaining part of the center bolt that holds the valves 
onto the valve plate. It is made from steel soup can metal. Its function is to disperse the air and gas mixture into the intake 
holes. The cone's outer diameter is obviously small enough so that it doesn’t cover up the intake holes. It is about 3 inches 
tall from tip to base. Instead of riveting or epoxying the holes like it says in the plans, a propane brazing torch and 
appropriate solder can be used to hold the cone together. A 1/4" nut is then epoxied to the inside of this cone, so that it can 
fit over the center valve-holding bolt. After the epoxy cures, the inner intake cone assembly is screwed onto the center bolt, 
before the intake plate and the valve plate are screwed together (in a little while). 
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There is one more cone that is made in the same manner as the first, and that is the outer intake cone. This cone is 
larger, such that the wide end fits snugly along the inside edge of the 3" hole in the intake plate. It is metal-epoxied to the 
intake plate, so that there are no leaks. The cone is also sealed to the intake plate before the intake plate and the valve plate 
are screwed together. The final product should look just like a flat plate and a cone sticking out of it, with no indication that 
there ever was a 3" hole in the plate. The cone itself is made as if the point were cut off, so that the hole in front is about 1" 

- 2" in diameter -- it looks like a miniature traffic cone, It is also about 3 inches tall, from base (primary apex) to top (not 
tip, the secondary apex; in a normal cone the secondary apex's diameter is zero; in this one it is 1" - 2"). Be sure to trim 
smoothly the edge of the outer intake cone which may come out the back, through the intake plate. Use tin snips or 
something. 

Up to now, this is what has been put together, going from front to back: 

An inner intake cone- screwed onto a bolt that goes from back to front, which also holds the reed valves onto the 
valve plate. 

An outer intake cone, sealed along the inside edge of the intake plate. Looks like a traffic cone, with no point. 

An intake plate - same dimensions as the reed plate, and with a large hole the middle about 3 inches in diameter. 
This hole has the outer intake cone in it. 

A 1/16 inch thick high temperature gasket - with a hole the same size and in the same position as in the intake 
plate. 

A valve plate -- with the no-silicon side forward, and which has the inner intake cone attached to it on this (front) 
side. On the back side of the valve plate is a thin layer of silicon sealer There are a total of 21 holes 

drilled in this plate — four comer holes which will eventually be used to hold the entire assembly together; 

one center hole, through which is the center bolt which holds on the valves, and also to which is attached 
the inner intake cone; eight small holes drilled about the center; and eight larger holes drilled outside the 
smaller holes. 

Reed valves - a total of eight, held on by a washer and a central bolt, arranged radially about the center. 

Exhaust Pipe Assembly: 

The exhaust pipe is made from 1-3/8" outside diameter steel fence post. It is initially cut to 31 inches, using 
whatever method possible. Wear goggles. There are four holes drilled 90° apart (evenly) into this pipe about 2 inches from 
the flattest end. (Flat end means the end whose [geometric/circular] plane is nearest perpendicular to the major axis of the 
pipe.) Into these holes are put small sheet metal screws which will keep the exhaust plate from coming too far forward, and 

help to hold everything tight. Metal epoxy may be used to hold the screws in place and also to seal any mistakes. 

The exhaust plate is cut and drilled in the same manner as the intake plate, except the center hole is small enough to 
allow only the exhaust pipe to fit through, but not the exhaust pipe and the four screws drilled into it. This means it is 
slightly larger than 1-3/8" in diameter. 

Putting Things Together: 

After the 3 of 5 total major components (intake port, combustion chamber, exhaust pipe, ignition system, and fuel 
system), are completed, they are ready to be assembled. Nothing is yet made too permanent, as it is possibly necessary to 
take everything apart several times to get it right. Four 12" lengths of 10x24 threaded rod (From the hardware store. They 
are 1/8" in diameter for those like me, who had no idea that a 10x24 threaded rod has approximately that diameter), are put 
through the four comer holes of the first two plates, with the gasket sandwiched in between The intake plate and valve plates 
are pressed together using the 4 threaded rods and a total of 8 nuts on the front of the intake plate and back of the valve 
plates. (The intak late, valve plate, and gasket are now in intimate contact, and can be considered one piece, so the nuts 
are screwed on tig: Tiy .). 

Four more nuts are threaded loosely over the rear end of the threaded rod, and moved several inches forward of the 
rear (narrow) end of the combustion chamber. Next, the combustion chamber's front (wide) end is centered over the valves 
and the exhaust pipe's flat end (with the screws) is slipped over the lip on the narrow end of the combustion chamber. The 
tail pipe should fit perfectly over the narrow mouth of the combustion chamber. The exhaust plate is then slipped over the 

exhaust pipe, and brought firmly against the four 90° screws in the exhaust pipe. 

The final four nuts are screwed on the 10x24 rod to tightly press from the rear the exhaust plate against the 4 screws 
in the exhaust pipe. The exhaust plate presses on the exhaust pipe screws, which press on the exhaust pipe, which in turn 
presses against the narrow end of the combustion chamber, whose wide end is in turn pressed against the valve plate. The 
valve plate is held to the intake plate not only by the pressure from the combustion chamber, but also by the 8 screws in the 
front of the assembly. Adjust the rear 4 nuts such that the exhaust pipe is in direct line with the combustion chamber. If the 
front end of the exhaust pipe was cut perfectly perpendicular (or was left as-is uncut from the factory), this adjustment should 
not be too difficult. The forward 4 nuts of the rearmost 8 (the ones that were brought forward several inches) are now 
brought rearward to be in contact with the exhaust plate. These are tightened as necessary. Make sure all nuts are on 
tightly and nothing slides around. The engine is now 75% assembled. The remaining parts are not necessarily attached to 
this combustion chamber/tail pipe assembly. 

Place your mouth to the front of the engine and blow hard. There should be little or no restriction to the flow of air 
from the front to the back. Next, blow backwards, in from the exhaust pipe, There should be no airflow whatsoever. If 
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there is (and there probably will be) make whatever adjustments are necessary to the valves in front. This concludes the main 
engine section. 

IGNITION SYSTEM: 

The ignition system is used only initially to start the engine. After the engine has started, the ignition system is no 
longer needed, as further ignition is carried out by hot gases reentering through the exhaust pipe. 

Anyone reading this packet should be familiar with a generic automotive ignition system. The original ignition 
system is based on a RS540 radio controlled model car motor to make and break contact so that the spark plug can work 
properly. The alternate ignition system described here is based not on a mechanical timing device (motor and battery) and a 
large contact switch (copper wires connected to the motor, and contacts on the base of the unit), like the original plans, but is 
based on a solid state timing device (555 timer) and a small contact switch (relay). 

555 Timer ignition system: 

PARTS — all available from Radio Shack (catalog numbers are given for some parts) or other electronic parts store: 

1 555 timer chip -- Cat. no. 276-178. 

1 8 or 16 pin socket to fit 555 chip. Cut 16 pin socket in half to 8 pins. 

1 47,000 (47k) ohm resistor -- less than $1 for a pack of 10. 

1 1 00 ohm resistor 

10 microfarad capacitor. - bought in bulk (10 or more usually) 

1 12 volt or greater, 3 A relay. Cat. no. 275-248 

1 12 volt hobby battery, (not available at Radio Shack) 

1 1N4001 or equivalent diode. Cat. no. 275-1653 

1 SPST switch, large enough to look hefty and strong and rated at least at a few amps. 

Pre drilled electronics breadboard (with the copper around the holes) about 2" x 2". Make sure to get the kind for 
ICs. Cat. no. 276-150 

Solder and iron 

Some thin plastic insulated wire. 22-24 gauge. 

Spark plug and appropriate plug cable 

Automotive ignition coil (small as possible to keep budget low) 

Theory: 

The 555 chip is very general purpose timer/oscillator. With a few external parts (2 resistors and a capacitor) it can 
be configured to provide a repeating on-off signal ranging in time intervals (periods) from microseconds or less to several 
minutes or hours, depending on what the values of these parts are. The chip's pins are numbered starting with number 1 at 
the upper left comer, and continuing down and around to pin 8. "Upper" means the end with the notch or semicircular shape 
at that end, as is shown in the second diagram. The pins are NOT configured the way it is shown in the second diagram 
below. It is shown this way only for the purpose of clarifying the rest of the circuit. See the first diagram for what the pins 
really look like on the chip. The output of the chip on pin 3 goes from 12 volts to 0 volts repeatedly. The time per cycle 
which the output stays at 12 volts is determined by the formula 

T h = 0.693 x (RA+RB) x C, 

where RA and RB ate the 100 and 47,000 ohm resistois, respectively, and C is the value of the capacitor in farads, 
0.00001 OF, or lOxlO‘%. The value for time Tpj in this case works out to 0.326 seconds. 

The time per cycle the signal spends at 0 volts is determined by the formula 

T l = 0.693 x RB x C. 

The value Tl in this case also works out to 0.326 seconds. These values are rounded off to 3 decimal places. 

Therefore, the period, or total time it takes for the chip to complete one cycle, or one length of time at 12 volts and one 

length of time at 0 volts is the sum of the high and low states, 

Tl + t h 


For this case the total period T works out to 0.652 seconds and the frequency or cycles per second is 1/T= 1.533 s“^. 
It is necessary to have several cycles (sparks on the spark plug) per second in order to assure a near continuous heat source for 
when the engine is started. If it is necessary to change the timing of the spark plug, make the necessary adjustments to either 
resistor(s) or capacitor, or all three. 

If you are not familiar with simple electronic schematics, following is the basic concept. A schematic is a symbolic 
representation of certain parts of a circuit. The actual working circuit with real parts is not supposed to look at all like the 
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schematic. Each line from one part to another represents a wire which has been soldered between those two parts at their 
respective locations. A dot where two or more lines meet indicates that these wires all carry the same connection. As you 
can see almost all wires in the schematic eventually lead to what is known as "ground." It really has nothing to do with the 
earth, but that is the convention given. The symbol for ground is several horizontal lines decreasing in size. Practically, 
ground is used because every current eventually needs to find its way back to the negative end of the battery. That is why 
the negative end of the battery also carries the ground symbol. Even though the battery ground and the ground near the chip 
and ignition coil are connected to separate ground symbols in the schematic, it is the same connection in the real-world 
circuit. In real life ground is basically a bunch of melted solder on the bottom of the circuit board which connects all the 
appropriate points to the negative end of the battery. 

The schematic for the relay is shown on the back of the packaging in which the relay came. It should be similar to 
the one shown below. Basically the circuit works like this: The 555 timer sends a stream of on-off pulses to the relay. The 
relay is a switch, like what controls the lights in your house, except instead of a hand or a set of fingers flipping the switch, 
it's done by a small electromagnet inside the relay. The signal from the 555 is what turns the magnet on and off.. The 
schematic on the back of the packaging makes it rather clear what's going on inside the relay. 

Once the switch inside the relay is closed (so that current flows from the battery to the positive side of the ignition 
coil, and out the negative end to the ground, which is the negative end of the battery), a magnetic field is set up inside the 
ignition coil. It is not necessary to understand what this is. Just know that when this current to the ignition coil is shut off, 
the magnetic field inside the coil collapses and sets up a very high voltage, on the order of thousands of volts, across the 
spark plug. This high voltage is enough to rip apart (ionize) the air molecules, and cause a nice hot spark. The diode allows 
current to flow only away from the 555, so that it doesn't get damaged from high voltage from the spark plug trying to get 
back into the chip. Adjust the gap in the plug for the biggest, as well as most consistent spark. Be sure that the side of the 
spark plug is connected cleanly somehow to ground, and that you are not touching the plug when the thing is turned on, 
because you may get a harmless but sobering jolt. 

Basic soldering techniques: 

First determine the basic layout of the parts on the circuit board. The components themselves should be on the 
non-copper side, with all the connections, made with solder, on the copper side of the board. The layout is not crucial, but 
just be sure you don't get confused about what goes where when you flip the board over to work on the other side. 

Your soldering iron should be rated at no more than 30 or so watts for electronic board soldering. Plug it in and let 
it heat up all the way. First determine which parts are to be heated. Then apply as much of the tip as you can to both parts 
to be heated. Do not add solder yet. After several second of heating the parts, touch the end of the solder to the hot part, 
not the soldering iron itself. The solder should flow smoothly. Remove the iron from the connection and let the solder 
cool. A good connection is solid, smooth, and shiny, not loose, dull, and gray. Use only enough to hold the wire in place 
firmly. Do not glob it all on. You will know when you make a bad connection — it just doesn't look right. Soldering is 
not very difficult after a bit of practice 
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Board assembly: 

Start first by soldering the resistors, as these are the components that protrude the least from the top of the board, 
and are easier to solder by laying the board upside down on the table, and letting the resistors come into complete contact 
with the board. The ground along the back side of the board, as mentioned earlier, is a stream of solder that runs the length 
of the board end to end. This is so that as many connections as possible can be made to it. 

Next solder in place the 555 socket. If you choose not to use the socket and to connect the 555 directly to the 
board, do the soldering quickly, so that there is no heat damage to the chip. After this add the capacitor making sure to 
observe its polarity if you are using an electrolytic capacitor. You may need to add some wire here and there to make 
everything connect properly. And finally, add the relay.. 

After all the parts are in place, add the proper ground wire to the ground mess on the back side of the board, and the 
wires from the positive end of the battery to the board and proper place on the relay. Make CERTAIN that the wire to the 
relay from the battery is attached to the pin that is normally OPEN. This is seen clearly in the schematic below as well as in 
the schematic on the relay packaging. If this is done improperly, the battery will be drained whether or not the switch is 
open. Don't forget to insert the 555 into the socket after the socket is in place. Also, don’t forget to include the switch 
between the + end of the battery and everything else, like in the schematic. Use an alligator clip or something on the spark 
plug which is connected to ground (-) somehow, so that the plug is easily detached from the ignition electronics. Also, 
make sure the diode has the proper polarity. The white line or mark on the end of the diode corresponds to the "forward" tip 
of the symbol in the schematic, the end pointing at the relay. 

Turn the thing on, and there should be a clicking sound coming from the relay, and the spark plug should be 
sparking. Assuming you've read these instructions before actually building anything, you’ll know to test the spark plug and 
ignition system before assembling everything! If the chip should somehow blow up, or start smoking, or fizzing, turn off 
the circuit, remove the now bad chip, and check everything to make sure there are no solder connections where there 
shouldn't be, and everything is as neat as possible. If you still can't figure what's wrong, see if there's a person where you 
got all your supplies, and maybe he or she can help you. 

FUEL SYSTEM: 

The original fuel delivery system in the plans from Jet Engine Technologies is based on a 12 volt on board battery 
and a small fuel pump. This is not only heavy, but basically limits the engine to either on or off. If the builder were to 
install a variable flow gasoline system using this battery/pump method, he would need to use a variable voltage source to the 
fuel pump, such as an R/C car speed controller. Suddenly, the model plane is not so light, and simple. 

The author's idea is based upon using a conventional model airplane fuel tank, made specifically to hold gasoline. 
(Gasoline will dissolve fuel tanks made for normal nitromethane based model airplane fuel.) This airtight tank is pressurized 
by a small, disposable CO 2 cartridge normally used for paint guns or BB guns. Set up the fuel tank according to the 
instructions in a "clunk" configuration. This assures that the tank can be used in any physical orientation, and fuel will 
always find a way to the engine, no matter in what position the airplane is. 

The needle/screw assembly normally found in these paint or BB guns is used, and mounted in the airplane, or 
wherever the engine is being tested. Nylon or vinyl tubing is used to connect the CO 2 cartridge to the fuel filler tube on the 
fuel tank. The output tube is connected to an aerosol can spray nozzle. The spray nozzle must put out a very fine mist of 
fuel, and must spray directly into the center of the intake manifold. Practice with water first. A radio controlled servo motor 
and pieces of wood or plastic are fashioned in such a way that the servo can pinch the tube either going into the tank to cut 
off the pressure to the tank, or pinch off the fuel itself coming from the tank. This method will allow a direct control of 
fuel, with no dangerous (sparks) battery or expensive fuel pump. See diagram. The spray nozzle is epoxied to piece of scrap 
aluminum which is itself epoxied to the outer intake cone of the engine. 
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STARTING: 

To start the engine first make sure the fuel pump sprays properly and the ignition system is running properly. 
Somehow get a stream of air going into the front of the engine. The original plans say that a blow dryer blows enough air 
to get the engine going. It is difficult to imagine running a blow dryer at the flying field. The following is a suggestion as 
to how to get a proper initial airflow into the pulsejet engine. 

Since the modeller probably already has built several flying airplanes by the time he is reading this information 
packet, he probably has a good idea of how to mount a normal single piston model airplane engine into some sort of a wood 
mount. A wood or glass filled normal-engine motor mount screwed to an aluminum house-gutter-aluminum funnel shaped 
tube would allow a normal engine fitted with a small propeller to blow directed air back into the pulsejet engine. The 
narrow end of this sheet aluminum funnel would need to be larger than the opening of the outer intake cone, and the large 
end of the funnel would need to be larger than the diameter of the propeller mounted on the normal piston engine. This is a 
round-about way >.i jlivering air to the pulsejet engine, but it may work. 

After the Is flowing properly, start the ignition system. Once the spark plug is running properly, slowly turn on 
the fuel spray. Make sure it sprays directly into the center of the intake manifold. Eventually the fuel should ignite with a 
loud bang. Keep trying until it catches by itself. When the engine is running on its own. it will pulse around a hundred or 
so times per second. Keep all body parts away from the engine until you are familiar with how it runs. 

Perhaps some additions can be made to the front of the intake manifold so that the amount of air can be adjusted 
via a choke or vanes controlled by the same R/C signal which controls the rate of gasoline to the intake. This, however, 
would have to be calibrated very precisely, and would be rather difficult to implement into this simple engine. 

HAPPY MODELING! 
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Please send any comments, complaints, or suggestions for improvements, to: 


MASTECH 

830 Child's Way Suite No. 164 
Los Angeles, CA 90089 


Original plans may be purchased from Jet Engine Technologies for $12.95 for the large size (71b thrust) model, and 
$9.95 for the smaller (31b thrust) model. Both can be purchased for $20.00. Prices are good as of February, 1993. Check 
with them to be sure. 

The address: 

Jet Engine Technologies 
10241 Ridgewood 
El Paso, TX 79925 


MASTECH and its owner assume no responsibility for any injuries or accidents which may occur as a result of building, or attempting to build, 
the above describe model engine. Because MASTECH did not design the original engine, nor will MASTECH be involved in the building of any engine, 
MASTECH does not guarantee, expressly or implicitly as to the functionality of above describe model engine. The additions and modifications to the 
plans arc the sole ownership of MASTECH and its owner, and are not in any way related or affiliated with Jet Engine Technologies or its proprietors. 
MASTECH is in no way connected or affiliated with Jet Engine Technologies, and assumes no responsibility for anything. 




